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The Progress of Science 


Gravity and Magnetism 


One of the facts of nature which physicists have had most 
difficulty in explaining is the earth’s magnetic field. As 


Professor Sydney Chapman, one of the great authorities 


on terrestrial magnetism, wrote in his article, “*The Earth's 
Magnetism” (Discovery, October and November, 1945): 
The main fact that the earth is a great magnet remains an 
unsolved problem, a_ standing challenge to theoretical 
Physics. The obvious theory—that the earth itself is a huge 
‘permanent magnet’—is seen on closer examination to be 
untenable, for the temperatures of the earth’s interior are 
too high for any strong permanent magnet to exist in 


them. Many much more subtle theories have been pro- 


posed from time to time, but none of them has come even 
very near to being satisfactory. 

But if Professor Blackett has hit upon the truth in the 
paper* he read to the Royal Society on May 15, the 
explanation may be an exceedingly simple one—it may be 
that every rotating body is a magnet. The evidence for that 
hypothesis is far from being conclusive at present and 
Professor Blackett claims no more than to have made out a 
prima facie case for its investigation, but if the suggestion 
proves to be true then it is another important fundamental 
law of nature and may possibly provide the long-sought 
connexion between electromagnetic and gravitational 
phenomena. 

The query: “Is every large rotating mass a magnet?” 
was put by Schuster in 1891, when he first came to suspect 
that the sun had a magnetic field. When quantitative data 
became available, the relations which are discussed in the 
next paragraph were noticed, and several workers, notably 
Sutherland (1900-8), Wilson (1923) and Swann (1927), 
attempted to explain the earth’s magnetism in terms of its 
rotation. 

Until this year we knew the magnetic fields of only two 
large rotating bodies: the earth and the sun. It has also 
been known that there is a very simple relation between 


* This paper has been published in Nature (1947, Vol. 159, pp. 
658-66) under the title ““The Magnetic Field of Massive Rotating 
Bodies”. 


these fields and the rotation of the bodies concerned. The 
relation is summed up by the formula: 


$ 
pug © ©: 
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In this equation, P is the magnetic moment of the earth 
or sun, respectively. (Magnetic moment is the usual 
measure of the strength of a magnet.) 

U is the angular momentum—a measure of the quantity 
of rotation, which takes into account both the amount and 
distribution of the matter which is rotating and its speed 
of rotation. (The easiest way to think of it is by imagining 
a braking twist applied to the body; then the angular 
momentum is proportional to the time that would be 
required to stop it rotating.) 

G is the gravitational constant, the fundamental quantity 
defining the strength of all gravitational forces. 

c is the velocity of light; and % is merely a constant of 
the order of unity. 

This relation is found to hold to quite a fair degree of 
approximation for the earth and the sun. If it is tentatively 
assumed to be universally true, it states, roughly speaking, 
that any rotating body forms a magnet whose strength 
[magnetic moment] is proportional to the amount of 
rotation [angular momentum]; and furthermore that the 
constant of proportionality is a very simple one. Even 
though the formula had been verified only for two bodies 
(the earth and the sun), its great simplicity made it suffi- 
ciently striking to be taken seriously. However, all attempts 
to give a reasonable explanation of it in terms of known 
electromagnetic phenomena, and even in terms of plausible 
modifications of the known phenomena, were complete 
failures; and so the idea dropped into the background. 

This year the magnetic field of a third large rotating body 
—the star 78 Virginis—was measured by Dr. H. W. 
Babcock of Mount Wilson Observatory, and it turns out 
that the same relation also holds between its magnetic 
moment and angular momentum. The evidence is in- 
direct and still far from complete, but it was sufficient to 
cause Professor Blackett to revive the old idea and re- 
examine it in the light of the new data. 
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Professor P. M. S. Blackett. 


Needless to say, the magnetic field of a star is not 
measured by any direct magnetic means. It is measured 
by a spectroscopic method—by using the Zeeman effect, a 
splitting up of spectral lines which occurs when atoms emit 
light in a magnetic field. Most readers will be more 
familiar with the Doppler effect—its most familiar occur- 
rence is for sound waves, when the whistle of an approach- 
ing train sounds higher and that of a receding train lower 
than its tone when stationary. Similarly the light from a 
receding body has a lower frequency than it would other- 
wise have, and so the spectrum ts shifted towards the red: 
and correspondingly the spectrum from an approaching 
body is shifted towards the blue. If a star is rotating with 
its axis across the line of vision, one edge of it will be 
approaching us and the other receding, so that all the lines 
of its spectrum will be spread out, part towards the red and 
part towards the blue. This is the basis of the usual way 
of measuring the speed of a star's rotation. But the 
Doppler effect in this case masks the Zeeman effect, so 
that the magnetic field cannot be measured. If the axis 
of rotation is pointing straight towards us, there is no 
Doppler effect and the Zeeman effect can be observed— 
this is the case with 78 Virginis. So the very conditions 
which allowed the magnetic field of that star to be measured 
themselves prevent the measurement of its speed of rota- 
tion, which is one of the other essentials for verifying the 
formula under discussion. 

Thus it comes about that Professor Blackett had only 
available the magnetic measurement for the star. For the 
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other quantities required he had to fall back on a statistical] 


method of estimation. Measurements of mass, radius and /) 
rate of rotation have been done on a large number of | 


stars; and stars are known to be of several different and 
quite well-defined types. Professor Blackett took the mass, 
radius and rate of rotation of 78 Virginis simply to be the 
most probable values indicated by our general knowledge 


of the class to which that star belongs. When all these ‘ 


values are taken, various other adjustments made which 
need not concern us here, and the data fed into the formula, 
it is found that the values of & which make the formula 
true are 0-30 for the earth, 1-14 for the sun, and 1-16 for 
78 Virginis. 


The correspondence is very good for the sun and the | 


star—much better, in fact, than one would expect in view 
of the statistical nature of most of the data. The figure for 
the earth is considerably different, but not sufficientl) 
different to require the rejection of the formula out of 
hand. The fairly good numerical fit, taken with the great 
simplicity and plausibility of the formula, makes a 
strong case for regarding the theory as well worth further 
investigation. 

The chief difficulty is that of finding any basic theoretical 
explanation of the phenomenon. It is well Known that any 
moving electric charge produces a magnetic field. Both 
theory and experiment tend to show that uncharged matter, 
which is moving without rotating, does not produce such 
a field.* The present theory seems to require that un- 
charged matter moving in a rotatory manner should 
produce a magnetic field. But there are grave difficulties, 
which Professor Blackett fully admits, in explaining how , 
uncharged matter could produce a magnetic field when it is 
spinning but does not do so when it moves without rotat- 
ing. On the other hand there are phenomena of a not totally 
dissimilar kind concerned with the magnetic properties 
of a neutron, so that the argument from a present inability 
to explain it loses some weight. 

When all this is said and done, the main thing is that 
further tests should be carried out. If the formula breaks 
down in other cases, there will be nothing for the theoreti- 
Cians to explain: if it continues to be verified, then any 
present inability to give an adequate theory will merely 
expose a weak spot in the general structure of our theoreti- 
cal ideas which must be strengthened even if it costs a 
revolution of theory. Professor Blackett suggests various 
ways in which the theory could be further tested. It seems 
that it would be possible, though very difficult, to measure 
both the magnetic moment and the rotation of a star in 
certain circumstances—namely by measuring both the 
Zeeman and the Doppler effect of the light from the nearly 
eclipsed edge of the rear component of an eclipsing double 
star. There are various phenomena in the white dwarf 
stars which seem to be explicable on the lines of this theory, 
and further study of them might provide verification. 
Finally, in some ways the most interesting possibility, if 
the law is true not only for astronomical bodies but also 
for bodies that can be investigated on a laboratory scale, 
then it appears that a sphere of 10 metres diameter rotating 
at 10 revolutions per second would give a magnetic field 
which it should be possible to measure. 

* If it did, then the effect would be very obvious in an aeroplane, 
since by the relativity of motion the earth is a large body moving 
relative to the aeroplane. 


DISCO 


Paul L 


To the 
January 
hundre¢ 
amphitl 
the occ 
citizen < 
What 
absolut 
These t 
brilliant 
were Ri 
researct 
worked 
Thomsc 
There 
facts we 
in theo: 
covered 
of those 
ally attr 
measure 
gases. 
He al: 
research 
For inst 
with a ¢ 
type, wl 
“weak, 
nique at 
difficult: 
Asa 
made p 
magneti 
molecul 
and par 
obtain 1 
absolute 
Altho 
also un 
Indepen 
of equiv 
But t 
known \ 
the sink 
in Britai 
of elasti 
found o 
sonic wi 
discover 
Maxwell 
frequenc 
microph 
Proved | 
water at 
was ove 
use. Be 
“Asdic’ ( 
Submari 
with the 
was inv: 


in the S 





YISCOVERY | 


1 a Statistical 


s, radius and /) 
> number of | 


Jifferent and 
ok the mass, 
Dly to be the 
il knowledge 


1en all these ¢ 


made which 
the formula, 
the formula 
and 1-16 for 


sun and the | 


‘pect in view 
he figure for 
| sufficiently 
mula out of 
ith the great 
i, makes a 
orth further 


c theoretical 
ywn that any 
field. Both 
rged matter, 
roduce such 
ire that un- 
wner should 
> difficulties, 


laining how , 


Id when it is 
ithout rotat- 
a not totally 
C properties 
ent inability 


hing is that 
mula breaks 
the theoreti- 
d, then any 
will merely 
yur theoreti- 
f it costs a 
ests various 
>d. It seems 
to measure 
of a star in 
g both the 
n the nearly 
sing double 
vhite dwarf 
this theory, 
verification. 
ossibility, if 
ies but also 
atory scale, 
ster rotating 
ignetic field 


an aeroplane, 
body moving 


DISCOVERY July, 1947 
Paul Langevin (1872-1946) 


To the wife of a poor Parisian workman was born on 
January 23, 1872, a son Paul. Seventy-four years later 
hundreds upon hundreds of people went to the great 
amphitheatre of the Sorbonne to pay their respects on 
the occasion of the passing of a great scientist, a great 
citizen and a great man—Paul Langevin. 

What was Langevin’s contribution to science? He made 
absolutely fundamental additions to physical knowledge. 
These began in 1897 when he was one of the first of a 
brilliant succession of overseas graduates—contemporaries 
were Rutherford and Townsend—who were admitted as 
research students to Cambridge University. There he 
worked in the Cavendish Laboratory under Sir J. J. 
Thomson. 

There was at that time a great stirring in physics; new 
facts were being discovered which necessitated a revolution 
in theoretical conceptions. In 1895, Roentgen had dis- 
covered X-rays, and at Cambridge the ionisation effect 
of those rays was under discussion. Langevin was natur- 
ally attracted to this field of research. He made the first 
measurements of the relative ease of ionisation of different 
gases. 

He also worked on the recombination of ions. All these 
researches had to be done with most primitive apparatus. 
For instance, he measured the small ionisation currents 
with a quadrant electrometer of the old-fashioned Kelvin 
type, while his X-ray tubes have been described as being 
“weak, fickle and fragile’. But so brilliant was his tech- 
nique and reasoning that he was able to overcome these 
difficulties. 

As a result of this work on molecular orientation, he 
made possible the researches of Pierre Weiss on ferro- 
magnetism, and of Debye on the electric moments of 
molecules. His thermodynamic theory of diamagnetism 
and paramagnetism enabled the physicist de Haas to 
obtain temperatures as low as one-fourth of a degree 
absolute. 

Although Langevin contributed to ‘classical’ theory, he 
also understood and fostered the theory of relativity. 
Independently of Einstein he established the famous law 
of equivalence between matter and energy, E=snc*. 

But the contributions by which he was most widely 
known were made in the field of ultrasonics. Following 
the sinking of the 7itanic in 1912, experiments were made 
in Britain to extend to higher frequencies the generation 
of elastic waves. Langevin, during the first World War, 
found out how to convert electric oscillations into ultra- 
sonic waves by means of the piezo-electric phenomenon 
discovered by Pierre and Jacques Curie. Using the 
Maxwellian stresses in mica he generated very high 
frequency sound waves, which he detected by means of a 
microphone. Towards the end of the first World War it 
Proved possible to locate and follow submarines under 
water at distances of about 1000 yards, though the war 
was over before the technique was ready for operational 
use. Between the wars the method was perfected, and 
‘Asdic’ (the name is made up of the initials of the Allied 
Submarine Detection Committee which was concerned 
with the improvement of echo-sounding in World War I) 
was invaluable in the fight against German submarines 
in the Second World War. ‘Asdic’ has its peacetime uses 
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Professor Paul Langevin. 


and other practical applications of ultrasonics are still 
emerging. 

Langevin lived through a stirring period in the develop- 
ment of physics. He used to say that it was really tiresome 
to be obliged three times in a life to change one’s concep- 
tion of time, space, mechanics and the structure of matter 
and radiations! 

What was Langevin's contribution as a citizen? Aca- 
demically, he was an incomparable Professor. He suc- 
ceeded Pierre Curie as Director of the School of Physics 
and Chemistry in 1925. There, and at the College de 
France and the Ecole Normale Supérieure for Girls 
generations of young people had the benefit of his know- 
ledge and wisdom. 

After the liberation of France, he was chairman of the 
‘Langevin Commission’, which designed the framework 
for the reform of French teaching. He thought it was the 
duty of Society to enable everyone to develop his qualities, 
whatever his social origins and situation. That meant 
free instruction and the possibility to correct by a suitable 
change a false orientation given to a student. Culture 
must be relevant to life. It was in the school that the 
child was apprenticed to social and democratic life, and 
it was there that self-government should be experienced. 
Langevin said: *“‘The final objective would be to find for 
the individual in human society his rightful place in every 
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respect. Society will then appear to everyone of its 
members as a living entity in which each of us is entrusted 
for a while with a treasure of civilisation acquired by our 
ancestors at the price of innumerable hardships and pains, 
which it is our duty to pass on after enriching it according 
to the extent of our ability.” So far as science was con- 
cerned, he insisted upon the necessity of not giving dog- 
matic and utilitarian instruction. In the first years of 
study it was important not to give the impression that 
Science had solved in a definitive way the problems of 
Nature. 

Langevin was an anti-Fascist and died a member of the 
French Communist Party. He began his political activity 
while at the Cavendish Laboratory, when he signed a 
manifesto on the Dreyfus affair. He was always an active 
member of the Ligue des Droits de !Homme, analogous 
to our National Council for Civil Liberties. He was 
anti-war and anti-racist, and in 1934 created the Comité de 
Vigilance des Intellectuels Anti-fascistes. This body 
influenced the English group, For Intellectual Liberty, and 
the Cambridge Scientists’ Anti-War Group. 

He was arrested by the Gestapo in October, 1940, as 
the most representative of all the intellectuals fighting 
against Hitler. The main charges against him were his 
membership of the Ligue, and because he had tried “to 
prevent Germany from ridding itself of the Jews”. After 
six weeks he was freed, but forced to remain in Troyes. 
His daughter Helene was deported to Auschwitz concen- 
tration camp; and his son-in-law, the brilliant young 
physicist Jacques Salomon, was shot for his activities in 
the Resistance movement. With the help of the Resistance, 
Langevin was able to flee to Switzerland when it became 
too dangerous for him to stay in France. 

After the war he told Professor J. D. Bernal that his 
treatment by the Nazis was an invaluable experience. 
“I know now,” he said, “what I have always believed: 
that there is just nothing intellectual behind this Nazi 
idea. There is nothing but the old and sterile ideas against 
which I have fought all my life. There is no mystery or 
secret of power in the Nazis.” 

What of Langevin as a man? He was one of the group 
who when at Cambridge started that well-known Christmas 
event, the Cavendish dinner. At one of these he was called 
on to sing. He sang the Marseillaise with such feeling and 
ardour that one of the waiters, a Frenchman, could not 
be restrained from falling on his neck and embracing him. 
Once, speaking to Professor Joliot-Curie and Dr. Pierre 
Biquard—two of his closest pupils and friends—he asked: 
“Was | not wrong in devoting too much of my time to 
social affairs?” He gave the answer himself to Professor 
Bernal on another occasion, when he said: “‘The scientific 
work which | can do can be done and will be done by others, 
possibly soon, possibly not for some years; but unless the 
political work is done there will be no science at all.”” At 
his funeral thousands of workers and intellectuals walked 
through the streets. They understood the importance of 
Langevin: “that he had shown in his person and by his life 
that it is possible and necessary for the great scientist 
to undertake in the full sense his social and political 
responsibilities.” 

This note is based on speeches made at two meetings 
in London on May 23 and 25, 1947, in memory of Paul 


Langevin. They were organised jointly by the World 
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Federation of Scientific Workers, the Association of Scien- 
tific Workers, and the Society for Visiting Scientists. The, 
speakers were: Sir Harold Spencer Jones, The Righ Hon.| 
A. V. Alexander, Minister of Defence, Professor F. Joliot-| 
Curie, Sir Henry Tizard, Sir George Thomson, Dr. Pierre! 


Biquard, and Professor J. D. Bernal. 


A Man and his Stomach 


NORMALLY we give not a thought to the functioning of our | 


stomachs and we remain in a state approaching blissful 
ignorance of the very existence of that organ until it is 
upset. Though this happy condition has been somewhat 
disturbed ever since Nat Gubbins took to addressing 
epistles to his stomach and publishing the rejoinders 
thereto. If only scientists could enlist the services of Nat 
Gubbins’s talented stomach, it would be an easy matter 
to study the effects which emotional disturbances have on 
the digestive system. It has long been recognised that 
anxiety may lead to loss of appetite or indigestion, and 
fear to an empty feeling in the pit of the stomach, but it has 
not been easy in the past to decide what physical changes 
were Causing or accompanying these reactions. 

Recently a very interesting investigation has been carried 
out in the New York Hospital into this subject by Drs. 
Wolf and Wolff, and a full account has been given in a 
fascinating book entitled Human Gastric Function: an 
Experimental Study of a Man and his Stomach. This work 
was made possible only by the willing co-operation of a 
patient referred to as Tom and whom they employed as a 
laboratory assistant. 

In 1895, Tom, then a boy of nine, surreptitiously took a 
very large mouthful of an extremely hot clam chowder— 
a variety of stew—mistaking it for cold beer, and hoping 
to avoid the consequences of discovery, swallowed it. 
His oesophagus was so severely burned that it closed in 
spite of surgical efforts to keep it open, and it became 
necessary to create an artificial channel giving direct 
access to the stomach. An operation was begun in which 
the stomach was stitched to the abdominal wall and an 
opening made through both, but a sudden crisis in Tom's 
condition necessitated a hurried finish to the operation 
and plastic closure was omitted. Tom recovered, but was 
left with a hole through his abdominal wall about an inch 
and a half in diameter, through which later a collar of his 
stomach lining permanently protruded. For forty-seven 
years, however, he led a more or less normal life, except that 
he fed in private as he first chewed his food and then trans- 
ferred it to his stomach with the aid of a kitchen funnel 
and a piece of rubber tubing. Direct introduction of food 
into his stomach failed to satisfy his appetite. There was 
no reason to believe that his stomach was behaving in any- 
thing other than a normal manner as it has the appearance 
of a ‘normal’ stomach and Tom enjoyed good health for 
almost half a century. 

Here was a wonderful opportunity for an experimental 
investigation into gastric function, and Tom allowed the 
two American physiologists to carry out many experiments. 
Their observations made it clear that a wide variation in 
gastric function was compatible with good health, and that 
sometimes the stomach was very active and at others 
relatively quiescent. The exposed collar of gastric tissue 
behaved exactly as the rest of the stomach, and showed 
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many changes in appearance and activity depending on 
circumstances. The colour, important as a guide to the 
magnitude of the blood supply, could vary from a pale 
yellowish-pink to an intense scarlet. The lining, which was 
kept moist by a transparent film of mucus, was thrown up 
into folds whose size, shape and appearance could change. 
The amount of acid present and the appearance and rate 
of secretion of gastric juice and mucus were also widely 
variable. The effects produced by physical and chemical 
agents such as mechanical stimuli, heat and cold, smoking, 
a wide selection of drugs and medicines and so on were 
studied, but some of the most interesting results were 
obtained when the stomach changes were correlated with 
Tom’s emotional state. 

During one experiment, an irate doctor entered the 
laboratory seeking documents mislaid by Tom, who con- 
sequently was in fear of dismissal from his job. His face 
became pallid and at the same time his stomach changed 
in colour from a deep red to a yellowish-red, and the rate 
of acid secretion (hydrochloric acid in very dilute solution 
is one of the substances secreted by the stomach) fell by 
half. Recovery took place after the doctor had left. On 
another occasion, Tom arrived at the laboratory with a 
strong feeling of hostility and it was seen that his stomach 
was much redder than usual and the rate of gastric secretion 
three times its normal value. By engaging him in unsym- 
pathetic discussion, his hostility was increased, and the 
effects intensified, but a period of joking caused them to 
begin to subside; when conversation ran out Tom became 
silent and began to brood over his grievances again, and 
this was seen in the behaviour of his stomach. 

The emptying time of the stomach was also influenced 
by the emotions, being accelerated by a feeling of anxiety 
and insecurity, but delayed by fear. 

An important function of the mucus secreted by the 
stomach wall appears to be the protection of the wall from 
the corrosive action of the stomach acid. If an area was 
kept free of mucus by scraping and the acid gastric juice 
allowed to come into prolonged contact, an erosion 
indistinguishable from a peptic ulcer was produced. If a 
high level of acid secretion was maintained, a condition 
resembling ‘gastritis was produced, and it was not with- 
out significance to find that during a fortnight of sustained 
anxiety, the acid secretion was almost double its normal 
value and the stomach lining was red and engorged. 

The two American workers point out that while the 
changes produced by emotional disturbances are not con- 
fined to the stomach, these, however, are of special impor- 
tance as they may lead to distressing symptoms and even 
Structural changes. The treatment of stomach disorders 
requires, therefore, not only treatment of the stomach 
itself, but also the care of the whole man, and the regaining 
of self-confidence by the patient may be the most important 
factor in his recovery. 


History of Science 


“YOU are a scientist—you are concerned with the present. 
lam a historian—I am concerned with‘the future.” If 
that remark, said to have been made by a famous Russian 
historian to a famous British physicist, has a grain 
of truth in it, then it can also be claimed that modern 
Scientists are becoming more and more concerned with 
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the future. For the last fifty years have witnessed a steady 
increase of interest in the history of science—at first largely 
among the scientists themselves, but in the last decade or 
so also among historians in the more usually accepted 
sense of the term. 

Many different motives have concurred to provoke the 
interest; and some of them, at least, are of the type that 
our opening quotation referred to, being concerned with 
history as a guide to the future. Some have been struck 
with the growing complication of scientific progress, and 
its appearance of having become an automatic progress, 
hardly controllable by the men who carry it out. Seeking 
to understand how this vast complex in fact develops, they 
have been driven first to look into the simpler growth of 
its infancy. To others, the great revolutions in scientific 
thought which the last two generations have witnessed— 
the apparent turning upside down of all our ideas by rela- 
tivity, quantum theory and the like—have prompted a 
much deeper investigation than hitherto of the way in 
which scientific thought actually develops, an investigation 
that is necessarily historical. The general historian is being 
brought to take more and more notice of science, by the 
growing realisation that the revolutions in material 
techniques and in modes of thought which scientific 
discovery produces have a profound effect on human 
history as a whole. Others again—and this applies parti- 
cularly to the inter-war years—have been stimulated by the 
manifest frustrations which science meets to use its history 
as a guide to the study of its social relations. Another 
stimulus comes from the increased realisation of the value 
of the historical approach in science teaching. And—last 
in our by no means complete list, but not least in fruitful- 
ness—many have studied the history of the science from 
sheer love of the subject, because of the thrill to be derived 
from following a fascinating story, or the excitement of 
ferreting out a significant fact or clearing up an obscurity 
in the tale. 

The fruits of the growing interest have shown themselves 
in a mass of literature steadily increasing in volume and 
improving in quality. In more organised form, they are 
shown by the institution of many societies and journals 
specifically devoted to the study of the history of 
science. 

Among the societies which were important up to the 
outbreak of the Second World War the earliest was a Ger- 
man one, founded in 1901. The main Italian society began 
in 1907. The next important foundation was that of the 
History of Science Society, based in the U.S.A. but to a con- 
siderable extent international in character, in 1924. Then 
came a fully international body, the Academie Internationale 
d*Histoire des Sciences, founded in 1928. And one of the 
most remarkable of later developments was the Swedish 
Society of the History of Learning, which reached a 
membership of 1750 only one year after its foundation in 
1934. Among the history of science journals, the most 
important is /sis, official organ of the American History 
of Science Society, but published till the beginning of the 
war from Bruges and thereafter from the U.S.A. George 
Sarton in his Study of the History of Science enumerates 
thirteen others of major importance, beginning with a 
German one started in 1902, covering also France, Italy, the 
U.S.S.R. and ending with the British Annals of Science, 
which first appeared in 1936. 
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One cannot but notice the late appearance of our own 
country in this list. Anybody well acquainted with the 
literature of the subject will recognise that much of the 
best work has been done here. But it was largely done by 
devoted enthusiasts without the help of organisations— 
whether societies, journals or university departments. In 
related fields there have been some organisations. Thus the 
Royal Society of Medicine has its Section for the History 
of Medicine, which has encouraged excellent researches 
and publishes a valuable journal, while the Newcomen 
Society, an Anglo-American organisation, has done fruitful 
work in the history of technology. But for the history of 
science itself there have only been societies dealing with 
particular aspects of the subject, and even these have been 
short-lived—like the Alchemical Society, whose journal 
appeared from 1913 to 1915, but was killed by the First 
World War. A Society for the study of Alchemy and early 
chemistry was founded in the thirties and began publica- 
tion in 1937 of its journal, Ambix, but we have not heard 
whether it has survived the war. In the academic world the 
position was little better. Whereas several American 
universities have departments of the history of science, or 
include those studies in such departments as sociology, 
Britain has only one university department in the 
subject—that at University College, London, founded 
in 1923. 

Excellent though the work of this department has been, 
it is but a drop in the ocean of potentialities. Oxford has a 
Museum of the History of Science, and Cambridge has 
accepted a gift of valuable instruments under conditions 
which oblige it to set up a similar institution (see DISCOVERY 
November, 1944, p. 353). But we believe we are not 
seriously wrong in saying that the list just given represents 
substantially the total of institutions available in this 
country tilla few months ago for promoting the study of the 
history of science. They have made substantial contribu- 
tions and a number of individuals have worked hard to 
maintain Britain’s prestige in the subject. Yet the superior 
facilities, both in universities and in learned societies, 
which have been available to scholars in other countries 
have inevitably had their effect, and in the last decade or 
so the leadership in the field has tended increasingly to lie 
outside Britain. It is not that British work has deteriorated 

—it has continued to improve, but not so fast as that done 
elsewhere with the help of superior organisation. 

In these circumstances we give a particularly hearty 
welcome to the new British Society for the History of 
Science, which (as we announced in our last issue) has now 
passed the difficult period of constitution making and is 
about to start creative activities. May it have a long and 
fruitful career! 

At the same time our readers may be glad to learn of 
of further developments in the international field. The 
International Academy, a self-perpetuating body with 
a membership limited to 100 scholars elected for their 
high attainments, and which in consequence failed to be a 
representative international organisation, has entered into 
negotiations with UNESCO for a_ broadening of its 
functions. No formal decision can be taken till the autumn, 
when an International Congress of the History of Science 
is to be held at Lausanne, but it is proposed that the 
Academy should be paralleled by an organisation called 
L°Union Internationale d°Histoire des Sciences, which 
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shall have national representatives on it and shall be 
similar in general structure to the several international 
scientific unions already in existence. It is hoped that this 
union may affiliate to the International Council of Scientific 
Unions. That would mean, among other things, that 
financial aid might be forthcoming from UNESCO for the 
further promotion of the study. 

It was in fact the question of British representation on 
this new international body that led to the first moves, in 
October last, for the formation of a British Society— 
though it was very quickly realised that there were many 
other functions for the latter to perform. We may now hope 
that the British Society in its turn will help to initiate 
further developments in the field—in such matters as pub- 
licattons—and the recognition by academic bodies of the 
history of science as a subject worthy of both research and 
teaching. Britain, after all, has probably the richest 
collection of scientific source material in the world, and 
we should fail in our duty to civilisation if we do not ensure 
that this material is much more fully studied than it has 
been in the past. 


The Biochemistry of Live Soil 


SoIL, besides providing an anchorage for plants and the 
mineral salts and water required for plant growth, is also 
interesting as a chemical factory of intense activity. This 
activity, which is carried on mainly by the millions of 
microscopic organisms that populate every cubic centi- 
metre of soil, is preponderantly biochemical. Bacteria, 
fungi, algae, all these play their part in the complex 
system of reactions which make up the gross metabolism 
of the soil. Such vital processes as humus formation, 
conversion of ammonia into nitrates, the fixation of 
atmospheric nitrogen and so on are all essentially bio- 
chemical processes. 

A very great deal of research has been carried out in this 
field, particularly in recent years, as is immediately obvious 
if one compares the number of pages devoted to the various 
aspects of soil in a recent plant physiology book such as 
that by Professor Walter Stiles and the classic book by 
S. H. Vines published in 1886. The methods for studying 
chemical reactions occurring in soil fall into two main 
groups. Firstly, there are the observations on chemical 
changes that happen under various natural or artificial 
conditions; this involves the analysis of soil samples, a 
process involving big sampling errors, in addition to the 
large errors caused by imperfections of chemical analysis 
where biochemical reactions are concerned. Secondly, 
the biochemistry of soil organisms isolated from the soil 
and studied on artificial media in pure culture has been 
studied. Most of our knowledge has come from this 
second source, but it has to be recognised that the charac- 
teristics of the reactions so observed are not necessarily 
the same as those which occur in the soil. 

The metabolism of the soil as a whole is not a simple 
integration of all the separate reactions that can be per- 
formed by the individual species of organisms making up 
the soil population. It is, in fact, a system in a state of 
dynamic equilibrium, and in which the several reactions 
brought about by the many kinds of organisms are delicately 
balanced and interdependent. It therefore becomes of 
fundamental importance to study soil as a system in 
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The perfusion apparatus developed by scientists of 

the Agricultural Research Council's Unit of Soil 

Metabolism at Cardiff makes it possible to study the 
biochemical changes occurring in living soil. 


exactly the same way as we study systems of cell aggregates 
in plant physiology and in animal physiology. 

To this end a new perfusion technique has been devised 
by Dr. J. H. Quastel and his co-workers in the Agricultural 
Research Council’s Unit of Soil Metabolism. The method 
resembles the perfusion technique used by animal physio- 
logists for studying the metabolism of tissues and organs 
(probably the most famous perfusion experiments were 
those in which isolated hearts were kept beating for long 
periods). 

A known quantity of solution is circulated continuously 
through a column of soil. The solution remains 
relatively free from soil organisms, which are held 
in the soil in an active metabolic state. Analysis of the 
perfusing fluid at intervals provides direct observation on 
the course of the reaction carried on by the soil organism 
in situ. A recent modification of the original perfusion 
apparatus is shown in the figure. With this apparatus, 
Observations can be continued over many weeks on the 
Same soil sample, without handling it or affecting its 
physical composition or structure in any way. In addition, 
all sampling errors connected with the chemical estimations 
are reduced to a very low value, since the same soil is used 
throughout the experiment. Soil conditions can be kept 
constant over the whole course of the investigation; the 
soil is kept saturated with water but never becomes water- 
logged, as complete aeration is assured throughout the 
full length of the soil column. Gas mixtures other than 
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air may be used for ‘aerating’ the soil. Accurate observa- 
tions of the rate at which the various chemical reactions 
proceed are possible, so that the kinetics of the process 
under investigation can be easily worked out. The 
apparatus also makes it simple to study the effects of such 
substances as bacterial poisons and differential inhibitors. 
Considerable advances have already been made in our 
knowledge of soil metabolism by means of such apparatus. 
In particular, new facts about soil nitrification and 
manganese deficiency have been collected. The perfusion 
apparatus promises to be one of our most useful tools 
in the elucidation of the many intricate problems in this 
fundamental subject. 


REFERENCES 
Lees and Quastel, Chemistry and Industry, 1944, 26, 238. 


Audus, Nature, 1946, 158, 419. 
Lees, Biochemical Journal, 1946, 40, 812. 


Operational Research and Building 


IN our April issue we referred to the possibility that opera- 
tional research might be the key to discovering what is 
the best way of organising work on a building site. We 
made the suggestion towards the end of a short note dealing 
with the statement on ““The Use of Mechanical Plant in 
House Building” prepared by the Joint Housing Committee 
of the Association of Scientific Workers and the Associa- 
tion of Building Technicians. Our suggestion has prompted 
an interesting letter from the chairman of that committee, 
Mr. Kenneth Campbell, in which he considers the pros- 
pects of applying operational research methods in this 
particular field and comes to the conclusion that these 
cannot be applied effectively until employers and workers 
in the industry co-operate at least to the extent of setting 
up active joint production committees on building sites 
‘on a wide scale’. 

Mr. Campbell begins by pointing out that while opera- 
tional research has much in common with ‘consumer 
research’, ‘time and motion study’, ‘scientific management 
and ‘market research’, there were two distinctive features 
in the situation which allowed operational research to 
develop these methods during the war and bring about a 
synthesis of them. “The first feature was the recognition 
at policy-forming levels of the contribution that could be 
made by operational research. The practical result of this 
recognition was that the operational research worker was 
given full access to all relevant information and was there- 
fore able to investigate any particular problem against its 
proper background. It also followed that recommenda- 
tions arising from the results of operational research could 
easily be implemented through the normal Service execu- 
tive channels. The second feature of the situation in the 
Services during the war was the unity of purpose that 
existed at all levels. This was important because it meant 
that the operational research worker could expect to 
obtain co-operation just as much from the rank and file 
as from the commanding officers.” 

The features which allowed operational research to 
develop as it did in the Services do not yet exist in the 
building industry, says Mr. Campbell. Instead of central 
organisation of the industry there is *‘an agglomeration of 
independent firms of various sizes”, and ‘co-operation 
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between masters and men for the promotion of efficiency 
is virtually unknown.” 

Operational research is being attempted by the scientific 
staff of the Ministry of Works, and we agree with the point 
in Mr. Campbell's letter that it would be of interest to 
know how they are getting on. 

The letter is unfortunately too long for us to publish 
in full, but the main conclusions it reaches are as follows, 
to quote verbatim: *“We agree that more information on the 
results of operational research in the building industry 
would be extremely valuable. Although such information 
is lacking, we expect that two steps are necessary to enable 
operational research to be usefully applied in the building 
industry in general and to the problem of site organisa- 
tion in particular. Firstly, that the Departments concerned 
with housing should frame and implement a more definite 
and positive policy for the building industry. Secondly 
that every encouragement should be given to the formation 
of joint production committees on building sites.” 

Another letter we have received stresses the limitations 
to the employment of machinery in connexion with house 
building. The letter comes from Mr. Noel D. Green, 
A.C.G.1., A.M.I.Mech.E. Again we cannot find the space 
to accommodate the whole letter, but the following passage 
from it underlines the fact that the very nature of house- 
building operations limits the degree of mechanisation 
that is economically possible: *‘A large contract calling for, 
say, 20,000 cubic yards of concrete will probably be well 
served by a fully mechanised central mixing plant involving 
the use of belt and bucket conveyors and elevators to lift 
the stone and sand and cement into suitable storage 
hoppers: of accurate weighing devices to ensure correct 
proportions and of a | cubic-yard mixer, which alone may 
cost £1000, but no normal housing contract calls for this 
amount and the economic answer is to install hand-fed 
mixers turning out 10 cubic feet of concrete at a mix, but 
requiring six or seven men to feed them with materials.” 

Mr. Green mentions a technical committee which 
visited the U.S.A. where builders’ machinery is much more 
highly developed than here, but brought back as almost 
its only suggestion an increased use of electrically driven 
portable tools such as saws, screw-drivers, light hammers 
and the like. Mr. Green concludes: “It is not unreasonable 
to suggest that if more stress were laid on improving the 
relations between employer and employed so that the 
latter were encouraged to improve their output, at least 
to the standard of pre-war, the machines now in general 
use in building would with few exceptions prove quite 
adequate to produce the houses we so urgently require in 
far shorter time.” 


Guns, Butter and Rheology 


THE study of how materials flow takes one into temarkably 
varied fields. Researchers in the structure of metals 
find common ground with workers on the behaviour of 
plastics and on the problems of staging a Second Front 
landing. With good reason, therefore, did one rheologist 
remark that his work was concerned with both guns and 
butter. 

The new science “‘devoted to the study of the deforma- 
tion and flow of matter” was christened rheology— 
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evidently from the Greek, rheos, a stream—by Professor 
Bingham at an American Plasticity Symposium in 1928. 
An American Society of Rheology was inaugurated in the 
following year, and in 1940 the British Rheologists’ Club 
was formed. There is much of general interest in the 
abridged proceedings of a conference organised by the 
latter body in 1944 which have just been published.* 

Among the applications of rheology to naval problems 
mentioned at the conference was a study made during the 
war on the dragging of anchors. This work indicated that 
when choosing landing beaches firm sand was the most 
suitable surface to aim for. Whilst mud was the best for 
beaching and anchoring of landing craft, it caused most 
difficulties in attempts at getting away again. If a beach 
is to be suitable for landing operations the top few inches 
obviously must have good gripping power for the wheels 
or tracks of the land vehicles which will disembark. The 
supporting material must have sufficient ‘bearing power’ 
to prevent vehicles from sinking into the sand even after 
bombardment. 

The Navy was also very interested in obtaining lubri- 
cants that would not spread for instrument bearings; use 
of a spreading lubricant might lead to the draining of the 
bearing and contamination of other parts of an instru- 
ment. In addition to the more obvious requirements, such 
as giving smooth action to the moving parts, they wanted 
such lubricants to be stable, and of constant viscosity over 
a wide range of conditions. One method of preventing 
spreading by oils which are otherwise suitable is to ‘dope’ 
the surrounding metal with a material which will do this. 
This dope naturally must not be of materials which will 
themselves cause trouble in bearings and gears. After 
much experiment it was found that a solution in benzene 
of a mixture of very pure iron and cobalt stearates, 
‘peptised’ with acetic anhydride, gave good results. 
(Peptising is the process of bringing a material into stable 
dispersion by physico-chemical action.) 

Failure by artists to utilise the knowledge gained by 
rheological workers in order to control surface tension 
and plasticity in artists colours, is commented on in a dis- 
cussion on the contribution of rheology in the fine arts. A 
painting is a four-layer structure, namely, support (usually 
wood or canvas), gypsum, paint-film and protective varnish. 
Unless suitable care is taken, breakdown may occur due 
to variations in properties between these layers. Normally, 
this is mitigated by strict control of humidity and tempera- 
ture, but much more is likely to be heard of this new 
specialised study of ‘picture-mechanics’. 

The articles in Essays in Rheology outlining the funda- 
mentals of rheology are, understandably, fuller than 
those on applications, but if the purpose of this volume is 
to whet the appetite on applications and to survey funda- 
mentals, then it has achieved its purpose. As the conference 
was held in war-time, the blanket of secrecy muffles many 
results and conclusions that would be of general value and 
interest. 

Significant of the increasing importance of rheology 
is the fact that the Regent Street Polytechnic is organising 
a Summer Course for those interested in industrial 
rheological problems. 


* Essays in Rheology (Pitman, London, 1947; pp. 103, 12s. 6d.) 
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Fic. 1..—The choice of forest land in Britain follows the principle expressed in the saying ““Where 
farming ends, there forestry begins.” This conifer forest at Beddgelert, near Snowdon, typifies 
the difficult ground so often given over to forestry. 


What ts Forestry? 
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DuRING the last five years before the recent war the 
Government spend a mere £3,400,000 on forestry in the 
United Kingdom. For the first five years after the war 
£20 million has been allotted. The forests and woodlands 
of this island at present cover 55°, (the smallest proportion 
of any European country) of the whole land area; if the 
Forestry Commission's tentative fifty-year plan to give us 
five million acres of forest is realised, nearly 9°, of our 
island's fifty-six million acres will be under timber trees. 

The development of forestry after centuries of neglect 
(for the State itself had no forests before 1919) is an 
operation for which almost unanimous approval might be 
expected. The public has, however, shown itself apathetic, 
Suspicious or even hostile. It would be true to say that 
the majority of press references to forestry (other than 
‘straight news’) are adverse criticisms, for the most part 
based on misunderstanding. The question, ““What is 
forestry?”’, would stump most of the critics and indeed all 
but a minute minority of this country’s population. Here 
an attempt is made to give an answer and to say what 
foresters seek to do, and why and how they seek to do it. 

Before a contemporary definition of forestry is given, 
Manwood's often-quoted description of a forest may with 
advantage be recalled: 

“A certain territorie of woody grounds and fruitfull 
pastures, priviledged for wild beasts and foules of forrest, 
chase, and warren, to rest and abide in, in the safe 
protection of the king, for his princely delight and 
pleasure.” 


WARD 


Those words were published in the year 1598, yet it is 
necessary to state explicitly (though this should not be 
so) that the conception is out of date. A forest, in the sense 
used by a forester or by a Cabinet Minister proposing that 
£4 million a year be spent on our forests, is not primarily 
a hunting- or shooting-ground, for the king or anyone else, 
nor is it merely a sylvan area for camping and picnicking. 
Two sentences from Hiley’s /mprovement of Woodlands 
may correct any illusions of that kind: 

‘Forestry is the art of growing trees for the production 
of timber and other woodland products. . . . Like 
agriculture, forestry is an industrial use of land... .” 

Once people have grasped this general position they will 
understand that modern foresters see an Elizabethan type 
of forest in much the same light that a modern farmer 
would see an Elizabethan type of farm. 

Very large areas of our privately owned woodlands still 
show how timber used to be grown, and how it should 
not be grown now, because our needs have changed and 
our choice of trees is greater—as is also our knowledge of 
sylviculture. The familiar type of wood known as ‘coppice 
with standards’ is a good general example. Here the wood 
consists of a scattering of large trees, often oak, with a 
much lower storey of smaller growth such as hazel or 
possibly oak coppice. The large standards are left to 
maturity——i.e. till 150 or 200 years old—but the under- 
storey is cut on a regular rotation which may be as short 
as five years (more commonly ten) if peasticks are being 
grown from vigorous stools, or was as long as thirty years 
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Fic. 2.—Coppice with oak standards. The coppice has Just 
been cut to yield such minor forest products as peasticks, 


tomato-stakes and clothes-props 


when oak coppice was being grown for tanbark and char- 
coal. Professor A. G. Tansley has suggested that coppice 
with standards originated in the Middle Ages, and he refers 
to a statute of the year 1544 which required that twelve 
standards per acre should be spared when selection fellings 
were being made. (That is, when timber was being felled, 
but the land was not being wholly cleared of trees.) Twelve 
to the acre is about the right crop to permit oaks to spread 
to their full extent, to a form which yielded plenty of 
knee-timber and curved pieces for shipbuilding. But 
obviously it was possible, in the long years before the oaks 
came to maturity, to grow secondary or catch crops 
beneath. Hence the coppice of the coppice-with-standards 
(Fig. 2). 

After 1862, when the superiority of steel for naval con- 
struction was proved beyond doubt, there was clearly no 
future for a policy of growing widely spaced oak standards, 
since the kind of timber thus produced was no longer 
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needed in large quantities. The oak that is 
needed now should be tall and straight, with 
no large low branches; the trees will be planted 
at a density of rather over 2000 to the acre 
and the number of stems for the final crop 
should be no mere dozen but between 100 and 
120. Because the old coppice-with-standards 
wood does not produce the kind of timber 
now needed, the forester will seek either to 
clear-fell and replant or gradually to convert 
the existing woodland into high forest. 

Pure coppice woods may also be seen. In 
Kent and Sussex, sweet or Spanish chestnut 
is grown in this way, both for hop-poles and 
for split-chestnut fencing. Oak coppice woods 
are (as has already been suggested) often a 
relic from the times when tanbark and char- 
coal were in great demand, or they may have 
been managed (as in South Wales) for the 
production of pitwood. Broadly considered, 
oak coppice is out of date, and here again 
foresters usually seek to convert the wood into 
high forest by gradual thinning out of the stool 
shoots or by clear-felling and replanting. 

Woods of pollard trees are yet another 
sylvan relic, closely allied to coppice, which 
deserve a note in passing. Here the trees had 
their tops cut off, probably when twenty to 
thirty years old, the object being to encourage 
the formation of a crown, which was out of 
the reach of deer, from which a crop of fire- 
wood could be cut on a rotation of about 
twelve years. (Of course, if the rotation were 
twelve years, the wood would be divided into 
twelve sections, of which one would be cut 
every year.) Burnham Beeches provide the 
best-known example of this method (Fig. 3), 
but those 400-450-year-old trees were last 
lopped about a century ago. The pollard 
hornbeams in Epping Forest are another 
example of pollarding for firewood. Enough 
has perhaps been said of old, out-of-date 
types of forest, whose improvement taxes the 
skill of the best foresters, but it is important 
to realise how common these old deciduous 
woods are, and how people are influenced, if only sub- 
consciously, into thinking that ‘this is what a forest 
should look like: this is the one kind of true sylvan 
beauty, the kind we understand’. 


Emphasis on Conifers 


The timber trade in this country uses, in normal times, 
about 94°. of softwoods (conifer timber) to 6°, of hard- 
woods (from broad-leaved trees). Modern foresters, there- 
fore, tend to plant far more conifers than broad-leaved 
trees, whether they are converting old woodlands or plant- 
ing wholly new ground. So far as the State’s activities are 
concerned, the emphasis on conifers is the more necessary 
because most of the new ground acquired for afforestation 
is too poor to support much else—at least ona first rotation 
(Fig. 1). (It has been decided that forestry shall not compete 
with farming for the better sites and soils; the principle has 
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been described in the words, *“Where farming 
ends, there forestry begins’’, but that is subject 
to many qualifications and exceptions.) 

The establishment of new forests means an 
immense amount of hard work; even in old 
woodlands rabbits* often stop natural regen- 
eration, but where a change of species or new 
afforestation is concerned, there can be no 
question of natural regeneration. Seeds of the 
required species are sown in nurseries; the 
resulting seedlings are transplanted during 
their first winter to another part of the nursery 
to grow larger and stronger for another year 
or two; and then these ‘transplants’ are put out 
in ‘the forest —very likely a bare mountainside 
which has had no trees on it for centuries. 

The demand for softwoods, and the fact 
that, as a rule, only softwoods can be pro- 
duced on the poorer sites, have been men- 
tioned. But there is indigenous to this country 
only one economic softwood tree, the Scots 
pine (Pinus sylvestris). This species has been 
very largely planted but, because certain sites 
were unsuitable for it, or because superior 
quality or quicker growing timber was needed, 
many species from abroad are also used. The 
chief are the larch, Norway spruce and 
Corsican pine from Europe, the quicker- 
growing, coarser and less fastidious Japanese 
larch and the Sitka spruce and Douglas fir 
from western North America. 


Selecting the Best Types 


Species are selected according to their fit- 
ness for particular sites. Thus larch (which 
yields the best-quality softwood, but will not 
thrive in the poorest positions) is planted in 
relatively good sites, and sometimes in mixture 
with beech or even oak; Scots and Corsican 
pines go to the poorer positions—at high 
altitudes and or with thin soils and light 
rainfalls—and in areas specially subject to late 
spring frosts; and Sitka spruce and Douglas 
fir to localities (as in the west and in Wales) 
where there is a fairly high rainfall and smaller risks of 
severe late frosts. Old heather moors may be planted with 
pine or a mixture of pines and Sitka (but not Norway) 
spruce. Norway spruce, the familiar Christmas tree, may 
be chosen for ground clad with tall grasses, such as 
Molinia caerulea. 

During the last twenty-five years the planting of poor and 
difficult sites has been the subject of much research, and 
great advances have been made in the technique of estab- 
lishing trees on inhospitable soils. Very deep ploughing 
and the use of mixtures (trees will sometimes flourish in 
* Two quotations may be of interest to show how great and evil 
is the influence of rabbits on forestry in this country. Writing of 
State subventions for forest-planting, the late Professor of Forestry 
at Oxford (Dr. R. S. Troup) noted: 


“It has been found. however, that if the amount contributed by 
the State falls much short of 50 per cent, the inducement to plant 
becomes insufficient. In Britain the cost of planting is approxt- 
mately doubled by the necessity for fencing against rabbits, and 
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Fic. 3.—A typical veteran pollard in Burnham Beeches. The 
tree was originally pollarded to obtain crops of firewood cut on 


a 12-14 year rotation. 


association with others, but not alone) are among the most 
successful methods. Deep ploughing of moorland has 
proved specially useful, and a ration of phosphate has 
helped trees to ‘get away’ more quickly—that is, to become 
firmly established and more speedily to dominate and then 
suppress completely the heather and other competing 
vegetation. There have also been promising experiments 
in changing the character of the ground vegetation before 
or while trees are being established. A sowing of broom, 
for instance, may change inhospitable heather or ling 
(Calluna) to more promising grasses, aS may be seen at 
the State would hardly be justified in contributing half the total 
cost under such conditions.” 

In Our Woodlands (1945) C. P. Ackers pointed out that the 
erection of rabbit fencing costs about £5 per acre in 1939, and that 
now it will probably cost nearer £10. ‘‘Rabbit extermination would 
then save the country between 5 and 10 million pounds on a | million 
acre reafforestation scheme, and the Commission envisages double 
this area.” 
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Wareham Forest in Dorset and Allerston Forest in York- 


shire. Again, much has been learnt about the importance 
of mycorrhizal-forming fungi: if these are inhibited, as in 
parts of Wareham Forest, where some toxic element is 
present, trees will not thrive, but the addition of certain 
composts (particularly hop waste and blood) will neutralise 
the toxic element. Time will show how far such important 
and interesting discoveries are economically applicable to 
the afforestation of really bad territories. 

The previous poverty of much of the land that has 
already been successfully afforested should be more widely 
known. Of Thetford Chase, in East Anglia, William Gilpin 
wrote in 1769: “Nothing to be seen on either side but sand 
and scattered gravel without the least vegetation—a mere 
African desert.’ Thetford is now the second largest forest 
in the country and its Scots and Corsican pines are to be 
counted in eight figures. Yet some denunciations of pines 
and spruces suggest that certain people would prefer to 
have barren wastes, and the luckless forester is made to 
feel that, so far from being a benefactor in making millions 
of trees grow where none grew before, he is a vandal who 
is spoiling the countryside. 

Since many criticisms of modern forestry are founded 
on a dislike of conifers, and especially of pure conifer 
plantations, it may be well to set forth the case for conifers 
a little more fully, and to consider some of the popular 
objections. It has already been noted that the demand for 
softwoods vastly exceeds that for hardwoods, and that 
softwoods are less particular as to where they will grow. 
The writer is indebted to a forester friend for the following 
list of advantages— 

Svivicultural Considerations: (a) More modest require- 
ments in regard to soil, temperature and altitude, (4) quicker 
growth, (c) higher utilisation per cent (i.e. less waste), 
(d) lower costs of planting and weeding—and of nursery 
stock, (e) better returns from thinnings. 

Timber Properties: (a) Lighter weight and especially a 
high strength weight ratio, (6) quicker and easier seasoning, 
and less shrinkage and warping, (c) readiness to absorb 
preservatives, (d) special suitability for pulp, (e) easy 
working. 

The same forester, who has much knowledge of 
Continental forestry, also suggests that the superiority of 
timber dwellings in conifer countries to timber dwellings 
in hardwood countries is interesting and significant. 

To denounce the introduced conifers just because they 
are ‘aliens’ is absurd: very many of our favourite vegetables 
and fruits—potatoes and peaches, runner beans and green- 
gages, for example—are not natives. Also, the word ‘alien’ 
when used tendentiously deserves some scrutiny; it is true 
that Norway spruce, for example, is not indigenous, but 
it was only because of an accident in natural history (the 
fact that this island was separated from the Continent 
before it was fully recolonised with vegetation after the 
retreat of the ice) that we have not indigenous spruce 
forests. And fossil remains show that some of the species 
which we now import from North America were growing 
here before the Ice Age. 

It may safely be asserted that the timber trees (and most 
notably Sitka spruce and Douglas fir) of western North 
America, accustomed to a moist climate, do much better 
in Britain than on the continent of Europe, but even with 
Furopean species such as Scots and Corsican pines our 
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forests, when well managed, give heavier yields acre for 
acre than such famous forest countries as Sweden, Prussia 
and Finland. Indeed, sometimes it is necessary to beware 
of too quick growth, which means inferior timber. 

The actual rates of growth of trees would require an 
article (or better, a couple of books) to itself, but the 
subject is too interesting to be overlooked entirely. Two 
quotations from a recent Forestry Commission pamphlet 
on The Thinning of Plantations may give some idea of what 
may be expected: 

‘Between the ages of ten and twenty-five years Japan- 
ese larch is usually the fastest growing of all our coni- 
ferous trees. On suitable larch soils . . . plantations 
reach top heights of 36 feet in fifteen years and 61 feet in 
twenty-five years. Even faster rates of growth than this 
have been recorded from a number of different localities. 

“On loamy soils . . . beech is a fast-growing tree—e.g. 
it has reached a top height of 60 feet in thirty-three years 
in one of our sample plots. But on the more typical 
beech sites of the chalk and limestone the rate of growth 
ranges from moderate to slow, depending mainly on the 
depth of soil.” 

Broadly considered, Douglas fir, Sitka spruce and 
Corsican pine are quick growers, but Scots pine is only 
moderate. Oak is the slowest of all commonly planted 
forest species, and poplar much the fastest: some poplar 
hybrids have put on ten feet ina good year, yet the quickly 
grown timber is valuable for many purposes. 

No matter how kind the climate or the soil may be, the 
forester Cannot expect to produce heavy crops of good 
timber without taking trouble. 

Before any thinning is done, and after three or four 
years of nursery work, young plantations have to be 
weeded, so that the trees are not suppressed when small 
by brambles, bracken and other rubbish, or distorted when 
larger by wild clematis or honeysuckle. At the next or 
thicket stage the plantations must be ‘brashed’—that is, 
the lower side branches of the trees must be removed: this 
work must be rightly timed—not too soon and not too 
late in the life of the young trees. And next comes thinning, 
as indicated in the quotation from the Commissioners’ 
report. It is approximately true to say that most coniferous 
Species are planted at a density of about 2000 trees to the 
acre, and that the final crop, left to attain full maturity, 
will usually consist of about 200 trees to the acre, though 
in one or two species there may be fully 300. Those figures 
merit a moment's reflection, for they indicate how large a 
place ‘thinning’ occupies in the practice of forestry. 

The actual work of thinning—the decision as to which 
trees shall come out—is among the most important in all 
sylviculture, and injudicious thinning, or neglect of thin- 
ning, may ruin a crop. A balance must be struck. The 
trees must be close enough to discourage side-branching 
and to shade the forest floor sufficiently to dominate all 
weeds. Yet the trees must have space to grow—for their 
crowns to expand. To give the crowns this space, the 
canopy must necessarily be broken by thinning, but the 
breaks must not be too large or the wind (which can be 
devastating when at gale force) will be admitted. (Also, 
too much light would encourage the growth of side 
branches and also of weeds on the forest floor.) In order 
to meet all the requirements of the situation foresters like 


to thin ‘little and often’. 
To be concluded 
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A shot from Spinal Anesthesia, one of a group of eleven teaching films about 
anesthetic technique made by Realist Film Unit and sponsored by I.C.1. 


The Film in Medicine 





BRIAN STANFORD, M.R.C.S., D.M.R., F.R.P.S. and RONALD MACKEITH, D.M., M.R.C.P. 


THE first experiments in cinematography were inspired by 
a desire for biological knowledge. Muybridge in 1872 
wished to analyse the leg movements of a galloping horse, 
and from his early experiments with a battery of fixed 
cameras he developed the ciné-camera. He obtained the 
information he sought, and almost immediately began 
to apply the same analytical method to observation of the 
posture and limb movements of infants and children. 
During the first decade of the twentieth century a 
torrent of short biological studies were made, but they 
have almost all disappeared without trace. This was stilla 
Period of analysis: the pictures were taken and each frame 
examined, or the image projected slowly or fast to assist 
Observation. Some were made deliberately for teaching, 
but these too are for the most part lost, although Joseph 
Best, a pioneer worker in this field, still has some original 
material stored away. Interest in the medical film then 


waned partly because of the impact of the First World War, 
and partly because the only material then available, 35 mm. 
nitrate stock, was highly inflammable and required special 
equipment for projecting. Few medical centres had the 
requisite apparatus. The Royal Society of Medicine, 
always to the fore, installed a projector in 1912, so it would 
seem that the use of film was being contemplated just as 
war became imminent. 

The end of the war saw the costs of film-making inflated 
beyond the capacity of the individual’s pocket, and we 
have hardly any more records of medical films made until 
the advent of sub-standard 16 mm. gauge in 1923. This 
altered the whole picture, for sub-standard film was, and 
still is, only made on non-inflammable (acetate) stock. 
So hand-in-hand with the increased portability of the 
smaller cameras, and the lessened cost of smaller film- 
stock, went the absence of fire risk and elimination of 








206 





special precautions in projecting. Any person could take 
films, and many did. 

We have seen that the earliest applications of cinemato- 
graphy in medicine were inspired by a desire to analyse, and 
partly, it must be added, by sheer delight in the medium. 
Cinematography for its own sake was as great a novelty in 
medicine as elsewhere. But by 1923, when the second wave 
of enthusiasm spread, the medium was an accepted 
commonplace and its main function in medicine was to be 
to record and preserve fleeting or rare phenomena. The 
physiologists in particular used the ciné-camera extensively 
to record changes induced by their experiments, but had 
not as yet any intention of using this material for teaching. 
Surgeons, on the other hand, turned to cinematography to 
provide them with the means of showing clearly to large 
audiences the details of their operative procedures: for 
operations are difficult to show to more than a very few 
people at a time, and the actual circumstances are not 
conducive to teaching. Between 1926 and 1931 a large 
number of amateurs assisted in the making of these films, 
but they were rarely satisfactory because the photographer 
Was not in most cases medically trained and was therefore 
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largely ignorant of the procedures he was recording. 
The films show this, and are of little teaching value. 
Towards the end of the 1930’s medical cinematography 
was becoming more organised, and the amateurs were 
banding together into teams working on the lines of pro- 
fessional film units. However the Second World War| 


put an end to this movement for the time being. On the! 


other hand, medical films were far from dead. Indeed an 
entirely new phase began, for the Ministries of Health 


and Information started making films on health and | 


hygiene for the general public. These were very widely 


shown both on free projectors of the Ministry of Informa: | 


tion and to private groups by borrowing from the Central 
Film Library. The films were made by professional film 
units, once more using 35 mm. cameras, with all the 
skill that they had developed on documentary productions. 
At first these films were simple surveys of existing health 
facilities, designed to inform the public of the amenities 
available, as for instance White Battle Front, Health in 
War, 


more definitely teaching films (e.g. Subject for Discussion, 
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come from Endotracheal Anesthesia; 
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Mother and Child; but as experience grew and better | 
liaison was achieved with medical men, the films became | 
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Mass Radiography, First Aid on the Spot) and soon 
definitely technical, being directed to doctors in their own 
language (e.g. Blood Transfusion, Neuro-Psychiatry, 
Scabies). 

1944 represents a landmark, for the Imperial Chemical 
Industries series of eleven films on anaesthetic techniques 
became available then. These eleven films represent the 
first coherent planned series to be designed and completed 
as an independent unit, and will serve as model for a 
long time of how teaching films should be conceived and 
executed. The information is concise, dogmatic, logical and 
clear, and the camera-craft and exposition first class. They 
are an exceptional series, for they are aimed at a definite 
and restricted audience—medical students in the second 
year of clinical study, whereas all the other films mentioned 
try to reach as wide an audience as possible. This is under- 
standable, but it does not produce good films. At about 
this time, the Central Council for Health Education, which 
had produced a number of indifferent films, ceded its film 
interests to the Ministry of Health, and a few better films 
were made, but they still suffered from an inadequate 
fundamental approach, for they set out to correct existing 
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Four stills from one of H alt 

Disney's health films 
misconceptions rather than to teach sound principles a 
priori. The British Council’s reputation for medical films 
rests rather shakily on two widely seen productions: Suwr- 
gery in Chest Diseases and Accident Service, whose camera- 
craft is superior to their teaching value; the high hopes 
entertained that these films would be followed by more of 
equal cinematic quality but better medical value have not 
yet been fulfilled. 

Since the end of the war, the V.D. campaign has appar- 
ently petered out in spite of increasing incidence in the 
disease: Subject for Discussion was a poor production, and 
there is no indication of any follow-up series being planned. 
However, teaching for parents is being pursued with the 
Your Children’s series: Eves, and Ears are good, and Your 
Children and You, dealing with the wayward child, is 
very practical. Others are on the way, showing the prin- 
ciple of serial production is at last becoming officially 
recognised. Here the Americans are more progressive. 
The U.S. Navy films on nursing, and the public health 
cartoon films by Disney on Health for the Americas show 
how well an integrated programme can be prepared and 
executed as a single unit. 





Popular films have been made where the medical profession need the co-operation of the public. 


Blood Transfusion (left) and Defeat Diphtheria (right) were two such pictures. 


(¢ ourtesy 


Paul Rotha Productions.) 
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On the amateur side there is every evidence that the 
example set by the professional units is being noted. 
Lone amateur productions are still few and far between, 
but there is much talk of new units composed of students 
and teaching staff, stiffened by the hospital photographer, 
being started in medical schools. This is a welcome move 
which should produce good material, provided that some 
attempt at co-ordination between different centres is 
achieved. Here the work of the Scientific Film Association 
is already proving of inestimable value. 

In what direction should the Medical Film go in the 
future? Should the emphasis be on the preventive or 
curative side of medicine? Should it concentrate on teach- 
ing the public, both children and grown-ups, or on teaching 
the doctors, both as medical students and those already in 
practice? It is desirable that films for all these groups 
should be made, but it is vital that such production be 
properly planned and co-ordinated. At present new films 
are mostly made in ones or twos, unrelated to each other. 
If a Five Year Plan were thought out, it would be possible 
to get the more important subjects adequately started on 
in this period. There should be a series of How vour 
hodyv works for schools, and another for adults. There 
should be How to keep well films for schools for adults. 
Much of our medicine is patching up work and so there 
should be series of films on How to make use of vour 
Health Services—infant welfare centres, school medical! 
sources, your doctor and your hospital. The Ministry 
of Health film on Your Children and You shows that 
simple mental hygiene rules can be taught in films. This 
aspect should not be omitted. One common illness might 
be chosen for the Five Year Plan—V.D. deserves to be 
dealt with early on. 

These films will be partly made for the Ministry of 
Health but it is likely that commercial firms will sponsor 
others and they must be given the chance to fit their films 
into a wider programme. The films intended for adult 
public audiences should be shown in public cinemas, 
factories, W.E.A. lectures, on television, and made freely 
available to the many interested groups such as V.A.D.’s, 
Boy Scouts and Women’s Institutes. 

For doctors in practice the need is for several films a 
year dealing with the recent advances in medicine. Though 
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the recent Ministry of Health film on penicillin was dis- | 
appointing the idea was excellent. For medical students in 
twenty years’ time there may be a complete series of films 
—illustrative, instructional, lesson and background films 
—covering the whole curriculum. It seems likely from 
views of medical teachers expressed at the joint meeting 
of the Scientific Film Association and the Royal Society 
of Medicine held in February 1946 that medical 
teachers are not yet ready to use the more complex lesson 
films. 

These will often be suitably made silent (it is note- 
worthy that in 1947, fifty years after Schuster first made 
films of abnormal gaits, there is no good simple illustra- 
tion film showing this eminently cinematic material). 
The films should be made simply but it will be worth 
using the best resources to make them. | 

Such films may be made by commercial film units. 
under the supervision of doctors, or by the photographic 
units of medical schools. Each school can make a group 
and exchange their films for those made in other medical 
schools—in this way, if such exchange is made possible, F 
each school will for very little more than the expense of! 
making one group, acquire films covering a large part of 
the ground. Co-ordination and co-operation in produc- 
tion will have to be supplemented by exchange of informa- 
tion and films. 

In 1944-5 The Royal Society of Medicine made a 
generous grant to the Scient:fic Film Association for the | 
purpose of cataloguing the existing medical films in this | 
country. The first catalogue is now in the press. It will 
include 800 film titles, with content summary of two} 
hundred of them. But it is difficult to judge from title or 
content whether a film will be a useful teaching aid. 
Critical appraisal by expert panels have been made by the 
Scientific Film Association for a number of medical films, 
and a catalogue of the existent films on anesthesia giving 
distribution detail, summary and an appraisal has _ been 
published. It is hoped that funds will become available 
so that this valuable work will continue. 

The importance of information and cataloguing is not) 
only national but is international. Through UNESCO it! 
will be possible to obtain the information collected in| 
other countries, and later to obtain their best films. 




















A RESEARCH STATION FOR 


THE British Government, through the Department of 
Scientific and Industrial Research, is setting up a special 
organisation to carry out scientific research in Mechanical 
Engineering to meet and to anticipate the needs of industry 
and government departments. The eventual annual ex- 
penditure will be in the region of £250,000 to £350,000, 
although it is unlikely that this figure can be reached for 
some years because of the present difficulties in obtaining 
suitably qualified staff and buildings. 

Dr. G. A. Hankins, Superintendent of the Engineering 
Division of the National Physical Laboratory has been 
appointed Director of Mechanical Engineering Research, 
and he will be advised by a Board, consisting of eminent 
scientists, technicians and industrialists serving in their 
personal capacity. The composition of the Mechanical 


MECHANICAL ENGINEERING 


Engineering Research Board, which had its first meeting 
on May 22, is as follows: 

Dr. H. L: Guy (chairman), Mr. L. Akehurst, Professor 
R. N. Arnold, Dr. S. F. Dorey, Sir Claude Gibb, Dr. H. J: 
Gough, Sir William Halcrow, Mr. M. B. Hoseason, Dr. C. | 
H. Lander, Professor N. F. Mott, Professor D. M. Newitt, 
Sir Ewart Smith, Professor H. W. Swift, and Dr. C. Sykes. 

The location of the projected Mechanical Engineering 
Research Station has not yet been decided. For the time 
being much of the work will be carried out at the National 
Physical Laboratory, while other work will be arranged for 
at Universities and other institutions. It is clear that the | 
new station will have to work in the closest liaison with 
the N.P.L., which will provide the nucleus, in due course, 
of the new organisation. 
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Fic. 1.—The field of vision of a conventionally shaped fish 


Vision in Fishes 





CHAPMAN PINCHER, B.Sc. 


A FEW species of fishes have light-sensitive organs em- 
bedded in the skin, but, for the most part, fishes are entirely 
dependent on their eyes for the perception of light. The 
light that concerns them is essentially that part of the 
spectrum visible to the normal human eye; it is fairly 
definite that the fish eye is naturally insensitive to both 
infra-red and ultra-violet light. This fact may explain why 
the vertebrate eye cannot appreciate these wavelengths. 
Both infra-red and ultra-violet are rapidly absorbed by 
water, and it would have been of little value to the fishes, 
from which land animals evolved, had their eyes been 
sensitive to them. 

The eyes of fishes are on the whole bigger in proportion 
to the rest of the body than are those of most other 
animals. There are notable exceptions. Thus some cave 
fishes and deep-sea forms have mere vestiges of eyes, 
whilst others are totally blind. 

Certain fishes have outgrowths of the head skin over 
the eyes which may be called ‘lids’. These are movable in 
sharks and other cartilaginous fishes, but-in those bony 
forms that have them, like the mackerel, they are fixed 
Structures covering the greater part of the eye. They are 
transparent, though sometimes clogged with considerable 
quantities of fat. 

Lids have no function in sleep. Fishes need to retain 
the power of adaptive colour change in sleep, and since 
this is a reaction to light reflected from the background 
on which they lie, it would not be possible if the eyes were 
covered with opaque lids. 

Of similar protective function to lids are the ‘spectacles’ 
found over the eyes of fishes like eels and mudskippers 
Which spend considerable periods on land. Spectacles, 
Which represent a part of the cornea of each eye which has 
become detached from the rest, protect the eyeball from 


drying out in the air. Tear glands are never present in 
fishes 


Fig. 1 shows the field of vision of a conventionally 
shaped fish. Immediately in front and behind the animal 
there is a blind zone, and on each side a zone within range 
of the eye of that side alone. Ahead of the anterior blind 
zone iS a region covered by both eyes. Objects in this 
region of binocular vision are seen stereoscopically, and a 
fish’s judgment of their relative distance is more accurate 
than elsewhere. It is significant that hunted fishes, like the 
carp and minnow, have eyes set well on the side of the head, 
giving a wide field of view at the expense of binocular 
vision, whilst the predators like the pike and salmon have 
eyes set well forward. This gives a good binocular field 
and assists judgment of the strike, but narrows the area 
of total vision. 

The hammerhead shark is peculiar among hunting#fishes 
in having no binocular field at all. 

The range of vision can be modified to a certain degree, 
by movement of the eyes in their sockets. However, except 
in the case of mudskippers and flat-fish, such movement 
is small. 

A fish usually follows an object, not by moving its eyes 
but by shifting the whole of its body, thus keeping the 
object as far as possible in the binocular zone. Having 
no neck a fish cannot achieve this by just moving its head 
as a Mammal can. 

Fig. 2 shows the eye of a shark in vertical section. 
It is typical of a nocturnal feeder. The retina has sensitive 
units called ‘rods’ which are elongated bodies containing 
rhodopsin—a light sensitive pigment. The chemical nature 
of rhodopsin is uncertain but it is closely related to 
vitamin A. Freshwater fishes have a slightly different 
pigment in their rods called porphyropsin. 

When light falls on either of these pigments it breaks 
them down photochemically. One of the products stimu- 
lates the nervous part of the rod and starts a chain of 
action which ends in vision in the brain. 
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Fic. 2.—Eye of a shark in vertical section. 
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The retina of the common skate has about 11,000 rods 
per square millimetre of surface and about seven connect 
with each nerve cell in the retina. In the rabbit-fish retina 
there are approximately 100,000 rods per square milli- 
metre, and about 170 communicate with each retinal 
nerve cell. As will be explained later, the number of rods 
that connect with each nerve cell has a most important 
bearing on the mechanics of vision. 

In the bony fishes the structure of the eye, which is 
adapted to bright-light conditions of day-time feeding, is 
basically the same as that of the shark, but shows some 
additional features. The lens muscle is more strongly 
developed and the suspension is more efficient. But the 
main difference is in the retinal structures. In addition to 
rods there are light-sensitive elements of another type, 
called cones (Fig. 3). These never contain rhodopsin but it 
is probable that they have some light-sensitive chemical 
of their own. The cones are essentially concerned with 
vision in bright light as is shown by a comparison of fish 
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retinas. In the turbot, a nocturnal feeder, there is only 
one cone to every 240 rods, while in the diurnal-feeding 
pike, there is one for every nine. 

Many marine bony fishes have part of the retina special- 
ised as a Sensitive spot, in which the cones are concentrated. 
The sensitive spot is not found in freshwater fishes. Recent 
work indicates that it functions mainly by bending the 
light rays and broadening the image as shown in Fig. 4. 
The broader image affects more of the rods and cones and 
the amount of detail sent to the brain is thereby increased. 

The retinal area in the region of the optic nerve has no 
light-sensitive cells and is therefore a blind spot; in some 
fishes this is circular, in others elliptical. 

In several completely blind forms, the Mammoth Cave 
fish for instance, the eye begins to develop normally in the 
embryo and then degenerates. There is strong evidence for 
the belief that the cave species are derived from forms 
which had functional eyes. Whether the fishes became 
blind as a result of living in a dark environment, or whether, 
having by mutation developed useless eyes, they were driven 


into caves by more fortunate competitors is uncertain. | 


Most of the evidence, however, suggests that cave dwellers 
had at least reduced eyes before they adopted their strange 
mode of life. It is significant that one or two cave species 
which have returned to bright-light conditions have 
remained completely blind. 


Mechanics of fish vision 


The fish eye is closely comparable with a camera. The 
pupil corresponds to the aperture, the iris to the diaphragm, 





the lens and cornea together to the camera lens, and the | 


retina to the sensitised plate. 

The lid, if present, represents a shutter. The lens muscle 
is a focusing device. The pigmented layer next to the 
retina represents the black interior of the camera preventing 
internal reflections which would fog the image. 

As with the camera, a small inverted image is produced 
on the retina. This image is reversed and somehow given 
dimensions appropriate to the object which caused it in 
the brain. 

Experiments have shown that the image remains on 
the retina of minnows after the object producing it is 
removed, for precisely the same length of time as it remains 
on the human retina. A small aquarium containing 
minnows was placed inside a cylinder which had vertical 
black and white stripes painted on its inner surface. The 
fish followed the movement of the stripes when the 
cylinder was slowly rotated. When the cylinder was spun 
at just such a speed that the human eye could no longer 
detect the separate stripes, the fish behaved as though the 
cylinder were stationary. When the rotating cylinder was 
placed under a stroboscope so that it appeared static to 
the human eye, the minnows behaved as though they too 
saw the cylinder as if at rest. These results imply that the 
image produced by a momentary glimpse of an object 
lasts for the same length of time on the minnow retina as 
on the human retina. In theory then, a minnow should be 
subject to the deception of the motion picture which 
depends for its effect on this retention of the retinal image. 
The fighting fish, however, would get a very jerky impres- 
sion of a film, for its period of image-persistence is much 
shorter. 
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There are two distinct aspects of vision: 

1. The sensitivity of the eye to light intensity, i.e. the 
power to see clearly details of an object whose 
brightness is decreasing. 

2. The acuity, i.e. the power to continue seeing details of 
an object whose size is decreasing. 


These two aspects are not only distinct, they are opposed. 
The reason why needs a little detailed explanation. When 
rhodopsin or porphyropsin absorbs light, one of the 
products of the photochemical breakdown stimulates the 
rod and an impulse is relayed from it through nerve cells 
in the retina to the brain. The greater the intensity of light 
falling on a rod the bigger the impulse it passes to the 
nerve cell with which it is connected. But the nerve cell 
does not work in this way. The impulse it transmits is of 
full intensity, otherwise it does not transmit it at all. The 
nerve cell cannot pass on the impulse it receives from the 
rod unless this impulse exceeds a certain value. But a 
nerve cell can be sufficiently stimulated by a number of 
small impulses from several rods, which are individually 
too small to trigger the nerve cell, but collectively big 
enough to do so. It will be seen then that the bigger the 
number of rods which connect with each nerve cell, the 
more easily will it be stimulated when light of low intensity 
falls on the eye. 

For acuity of vision, a detailed brain picture of an 
object is desirable. To get it, a large image on the retina 
covering aS many rods as possible is required, and the 
fewer rods that connect with each nerve cell the better. 
The reason for this is explained diagrammatically in Fig. 
5. If two points close together on an object reflect light 
on to two rods connected with the same retinal nerve cell, 
only one impulse, triggered by two stimuli, can be passed 
to the brain. These two points therefore must be seen in 
the brain as one. On the other hand, if the two rods 
stimulate two distinct nerve cells, two separate images 
are possible in the brain. For seeing in dim light, then, as 
many rods as possible should connect with each nerve 
cell, and for appreciating detail as few rods as possible 
Should connect with each nerve cell. The mechanisms 
for sensitivity and acuity are therefore opposed, and the 
eye must be adapted for one purpose or the other or else 
be a compromise. It can never fulfil both requirements 
perfectly. 

We find, consequently, that on the basis of eye structure 
fishes can be grouped into three categories: 
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RODS AND CONES 


Fic. 4.—Section through the sensitive spot of a fish 
retina, showing the broadening effect of the curved 
depression on the image. 
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Fic. 5.—Diagram showing how the number of rods 
connecting with each nerve cell of the retina affects 
acuity of vision. In the left-hand figure. two points of 
an object affect two separate rods, but as these 
connect with the same nerve cell, only one impulse— 
a joint one—is passed to the brain. Theretore only one 
image of the two points is seen by the brain. In the 
other figure, two separate paths to the brain give rise to 
two separate images there and therefore a better 
impression of detail. 


1. Fishes living in dim light. 

2. Fishes living part of the time in dim light and part in 
bright light. 

3. Fishes living in complete darkness. 


The first group includes nocturnal fishes, species living 
in turbid water, and luminous deep-sea forms. They have 
eyes especially adapted for sensitivity. The second group 
is composed chiefly of bony fishes which feed both by day 
and night in shallow water or at the surface of deep water. 
They usually have the compromise type of eye. Cave 
fishes, fishes of the abyssal deep and some parasite species 
constitute the third group. Their eyes are degenerate or 
absent. 

Since the eye mechanism depends on the photochemical 
breakdown of rhodopsin and other pigments which take 
some time to reform, it is essential that the eye shall not be 
exposed to intense light for a sufficient length of time to 
destroy all the pigment. Fishes therefore, especially the 
dim light forms, have various means of reducing the 
brightness of incident light below the danger limit. The 
simplest of these devices—protective lids—we have already 
considered. They are not of much value in this connexion 
except in cartilaginous fishes—the sharks, rays and skates. 
The main device consists of alteration of the pupil size 
and cellular movements in the retina and pigment layers. 

The pupils of cartilaginous fishes are usually capable of 
considerable alterations in size and shape. Fig. 7 gives 
some idea of the reduction of incident light which can be 
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Fic. 6 (top).—Three stages in the closure 

of the eye of a catfish (Plecostomus). 

Fic. 7 (bottom).—Four successive stages 
in the closure of a shark’s eye. 


oo as 





effected in the eye of a shark by pupil changes. But these 
movements are very slow, the iris taking up to half an hour 
to expand in bright light and as much as an hour to 
contract in the dark. Few bony fishes have such iris 
movement, the catfish—a muddy water species—being 
exceptional in this respect. 

The inner surface of the pigmented choroid coat of the 
eye of the cartilaginous fish is covered by a series of 
guanin plates forming the so-called tapetum. This serves 
to reflect back to the rods in the retina any incident light 
which has passed through them. This is a very useful 
modification for dim light conditions, but in bright light 
conditions would be a great nuisance. It is not surprising 
then to find a mechanism for overcoming this deficiency. 
Long processes of the tapetal layer filled with pigment 
spread over the guanin plates in bright light, completely 
blanketing their covering surfaces. 

Another mechanism performs a similar function in the 
eyes of bony fishes. In weak light, pigment granules are 
concentrated at the bases of the cells supporting the light- 
sensitive elements so that light is able to reach the rods, 
whilst the cones tend to be stretched and embedded 
among the projections of the supporting cells. In bright 
light, the pigment granules migrate into the cell projections 
and the rods and cones reverse their positions, the former 
being then protected from the light and the latter exposed. 
These movements of the rods and cones are very rapid, 
but the migration of the pigment granules are slow and 1s 
probably useful only to sea fishes moving in and out of 
deep water for long periods. They are too slow to be much 
use to shallow-water fishes. 

Focusing the images on the retina is accomplished in 
fishes by alterations in the distance between the retina and 
the lens. The shape of the lens cannot be altered as in the 
human eye. In bony fishes the eye is normally adjusted 
so that near objects are in focus. To get a sharp image of 
distant objects the lens muscle contracts and pulls the lens 
backwards, fluid passing from the front to the rear eye 
chamber during this process, and so preventing undue 
pressure. The eye of cartilaginous fishes is normally long- 
sighted when at rest. The lens has to be passed forwards 
to focus near objects. 


Colour Vision 

Fishes vary greatly in their reaction to colours. This 
applies to even individuals of the same species,.some of 
which can be trained to colours much more readily than 


others. A great deal of evidence is on hand on the subject 
on colour vision in fishes. and though much of it is very 
contradictory it can be stated with fair certainty that most 
bony fishes are sensitive to colours, and that cartilaginous 
fishes which, it will be remembered, are without cones are 
colour-blind. 

Only the results of those experiments where care was 
taken to ensure that fishes were really discriminating be- 
tween light of different wavelengths and not just between 
different shades are worth mentioning. 

When food was placed in a tube containing a slip of 
coloured paper, and this tube along with many others 
each containing a slip of a different shade of grey paper, 
was put in an aquarium, minnows immediately detected 
the food and swam for it. After a series of trials they 
associated the colour with the presence of food and sought 
it out, even when food was omitted from the tube. Once 
they learned to do this they never confused the colour 
with any shade of grey, though so many shades were 
used that one of them must have matched the coloured 
paper in shade. 

In experiments on similar lines, blennies were trained 
to avoid a particular colour by giving them a succession 
of electrical shocks in association with it. They quickly 
learned to distinguish this colour from any shade of grey, 
but when attempts were made to condition them to a 
particular shade of grey they always confused it with 
other grey shades. 

When a fish is transferred from one background to 
another differing from the first in both brightness and 
colour, it quickly assumes the same brightness as the new 
background, and then, after some interval, the same 
colour. Thus minnows placed on a yellow paper after a 
spell on a black background paled within a few seconds, 
but took several hours to develop yellowness of the skin. 
By trial and error with a long series of grey papers, it is 
possible to find one to which a minnow makes the same 
brightness response as it does to a particular yellow paper. 
On the latter, however, the fish becomes yellow itself, but 
never does so on the grey paper. This shows that the per- 
ception of shade and colour are quite distinct processes, and 
the effects of distinct stimull. 

This point has been further proved by experiments with 
small American fishes called shiners (Hypobsis). The rate 
of breathing of these fishes is affected by the kind of light 
falling on them. In diffused daylight they make about 
60 gill-cover movements a minute. Under a carbon fila- 


ment lamp this rate increases to about 85—a direct 
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Geophagy, or Earth-eating 





ROBERT H. S. ROBERTSON, M.A., F.G.S. 


THE practice of eating earth or clay is so widespread 
throughout the world and the reasons for it so numerous 
that it is surprising that few attempts have been made to 
bring together the scattered records. The descriptions of 
geophagy mentioned here are roughly arranged in order 
of increasing discrimination in the choice and preparation 
of earth for ingestion and of increasing medical knowledge 
by those who practise geophagy. 

We may begin by considering the vitiated or depraved 
appetite of those who crave for things unfit for food, such 
as coal, chalk, dirt or soil. This craving, known as pica, 
the Latin for magpie, is shown by mentally deficients and 
those who have suffered from inflammation of the brain. 
It may also be shown occasionally by abnormally pre- 
cocious children and by women lacking temporarily in 
self-control. For example, a person who used to crush 
clay-pipes in her teeth was stopped by introducing her to 
snuff, though snuff-taking became with her a heavy addic- 
tion. There are many interesting records of people eating 
glass, nails, razor blades, safety pins and such like, but 
earth-eating is only occasionally found in so indiscriminate 
a form of pica. 

It is not unlikely that some forms of pica are caused by 
mineral deficiencies. Thus weedy town children sometimes 
eat plaster in much the same way as phosphate-starved 
cows eat bones. Dogs should be encouraged to eat bones 
on the ground where they can pick up some earth for 
the iron which it contains. If weanling pigs are kept in 
clean concrete styes where they cannot get earth they often 
develop anaemia. 

In times of famine, the pain of extreme hunger may be 
relieved by eating earth, “to keep” as the sufferers say “the 
walls of the stomach apart”. But gnawing hunger is also 
an effect of worm infestation. Pica is therefore one of the 
symptoms of miner's anaemia which is caused by the 
presence in the intestine of the nematode worm, Ark y/lo- 
stoma duodenale, and other hookworms: in America the 
parasite called Uncinaria americana causes a_ similar 
There is also a disease which affects the 
nutritive functions of negroes, cachexia africana, in which 
the patient is seized with an irresistible desire to eat dirt 
Or earth. It is fatal generally, by dysentery or dropsy. 

Dr. Chang Kuei of Chilu has recently made a hookworm 
Survey of Western Szechuan in China and found that 
infestation has a very close association with the maize 
and sweet potato pattern of cultivation rather than 
with the rice pattern. When pronounced, it leads to 
geophagy. 

Many a homesick Northern negro, writing to his 
Southern friends, says, “Ship me a bag of good dirt to eat.” 
Even in the Yazoo-Mississippi Delta, negroes and whites 
send requests to their up-country friends for a bit of red 
clay, declaring that black delta soil ‘is right bad eating”. 
In some parts of Mississippi, poor whites will walk miles 
for a spoonful of earth from a favourite bank of clay, 
because, “it tastes sour, like a lemon”. In other sections 


of the South, some top their meals with a table-spoon of 
earth, “believing it is good for them’, despite its constipa- 
ting effects. Dr. Dorothy Dickins and Robert N. Ford, 
who recorded these facts, also observed 207 negro children, 
at least a quarter of whom admitted eating dirt. Most of 
the dirt-eaters have less of the iron-rich foods, such as 
molasses, mustard greens, liver, in their diet than the 
others. As far as these workers could discover, the craving 
for dirt or earth has nothing to do with hookworm, as 
many doctors believe, for hookworm is very rare in Oktib- 
beha County where the children lived. 

Dirt-eating is very prevalent in Mexico among adults as 
well as children. The addicts become pot-bellied, but are 
otherwise thin and weak. No one who drinks to excess 
there objects to admitting he is a drunkard, but dirt-eating 
is considered so shameful that it is impossible to get much 
first-hand information about it. A dirt-eater even denied 
that he was one after large quantities of dirt had had to be 
removed by surgical operation. The irritating effects of 
eating large quantities of chilli has been suggested as a 
possible cause, but the disease in Mexico may not have 
been very carefully studied. 

The only reference to geophagy in the eleventh edition 
of the Encyclopedia Britannica is contained in the article 
on the Bongo. a tribe of Nilotic negroes inhabiting the 
South-west portion of the Bahr-el-Ghazal province of 
the Anglo-Egyptian Sudan. They seem to eat almost 
anything, fruits, tubers and fungi in which their country 
is rich. They eat practically every creature, bird, beast, 
insect and reptile, with the exception of the dog. They 
despise no flesh, fresh or putrid. They drive the vulture 
from carrion and eat with relish the intestinal worms of 
the ox. So it is not perhaps surprising that they include 
earth in their menu. 


Quasi-Medical Practices 

Earth is also eaten by various native tribes as a fertility 
symbol, but we may pass from ritualistic geophagy to the 
quasi-medical practices of the East. Dr. Leonhart Ran- 
wolf, who travelled in the middle of the sixteenth century, 
mentioned in his account of Tripoli that an ash-coloured 
earth called malun was used for washing the hair and that 
another earth called jusabar was eaten by women. That 
sentence was almost as true of India in 1908, wrote Sir 
George Watt, from whose works the following notes are 
largely taken. 

In most Indian bazaars a fine unctuous clay ts sold for 
use In cosmetics and pharmacy. Rather different are the 
clays used to effect caste markings on the forehead. 
Balfour says that the comestible sort was dug from a pit 
near Koluth in large quantities and exported as an article 
of commerce, giving a royalty of 1500 rupees yearly. The 
gazetteer of Bikanir State mentions that over 2000 camel- 
loads are taken every year to Sirsa from the excavation at 
the village of Meth near Kolath. It is used chiefly to free 
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the skin and hair of impurities and the Cutchi ladies are 
said to eat it to improve their complexions. 

Throughout India the soft mud found on the banks of 
rivers is used as a detergent, the hair being well rubbed 
with the clay before being washed in the stream. Edible 
earths are probably chosen with more care. Sir George 
Watt found certain persons excavating a pale yellow mud 
from a hillock near the capital of Manipur, which he 
was informed was regularly eaten by the women throughout 
the State. 


Earth-eating in India 

The most familiar name for edible earth in India ts 
multani mitti. Irvine, who calls it a light yellow ochre, says 
that it is eaten in doses of from five to thirty grains. 
Sakharam Arjun remarks that it is eaten by women to 
relieve acidity of the stomach and is given mixed with 
sugar in cases of leucorrheea. Baden-Powell thought that 
the name multani applied more to the trade in the earth 
rather than implying its origin. The Assistant Commis- 
sioner of Multan wrote to Watt that the earth was not 
produced in the State but came from the sandy and rocky 
tracts of country lying to the south and south-east, It 
is of three types, white mirti, called Ahajru (edible) from 
Bikanir and Jessalmir: yellow mirti, or bhakri, used by the 
poorer classes for dyeing cloth, from the same places; 
and light green or sab(u)z mitti (which is chiefly used for 
cleaning the hair), from Vadur in the Dera Ghazi Khan 
district. Captain F. R. Pollock, however, stated that 
multani mitti was imported to Dera Ghazi Khan from 
the interior of the western range or Sulaimani to the extent 
of 10,000 maunds. In 1933 the output of fuller’s earth 
which is mined to a depth of 130 feet in a six-foot seam 
near Palana colliery, Bikanir State, was about a thousand 
tons, and this was marketed in the Punjab and the United 
Provinces. 

Sang-i-Basri is an earth imported from Bassorah on the 
Persian Gulf. It is used in tonic preparations. 

V. C. Dutt describes a sweet-scented earth, brought 
from Surat and called saurastra mrittika, as astringent 
and useful in hemorrhages. It enters into the composi- 
tion of several medicines for relieving bleeding from internal 
organs. Watt was unable to trace the origin of this earth 
in the records of the district. Another celebrated earth of 
medicinal reputation in the East is the goa-stone. This 
is a mass the size and shape of a large egg, consisting of 
some very tine and soft powder-like fuller’s earth, sweetly 
scented, and overlaid with gold leaf. A very little is rubbed 
off. mixed with water and swallowed, as a remedy for 
many diseases. In his account of Rawalpindi, Baden- 
Powe!l says of mitti-gachni that it is a soft and saponine 
drab-coloured earth. something like fuller’s earth, sold in 
small pieces: it is used for cleaning the hair, as well as in 
medicine: it is to be had in every bazaar, where it is called 
mitt-multani or gil-i-multani. Saucer-shaped chips, about 
two inches in diameter, of partially baked clay for eating 
are sold in the Calcutta bazaar as rajmahal mitti or potter's 
earth. They are of unknown origin though it is said that 
they are made by the potters a few miles north of the city. 

Probably most of the earths eaten in India are what we 
know as fuller’s earth, containing the clay-mineral mont- 
morillonite, though Hooper's analyses of 33 examples 


July, 1947 DISCOVERY DISCO 


show a considerable proportion of silica in most of them, 


O’Shaughnessy speaks of a superior kind of fuller’s , a 7 
earth or sabun mitti occuring at Colgong in the Bhagalpur. ““'* , @ 
Division of Bengal. Ball gives many more details of this eeengan 
particular earth and agrees that the same kinds of clay er * 
are still widely used in the fulling of woollens. The habit and - 
of eating clay he believes is by no means confined to women, gh 
as it iS Sometimes stated. wy os 

Lawson and Moon recorded, in a letter to Nature in ua 
1938, some observations, made in the course of an expedi- rage 
tion to Lake Titicaca, in South America, on the diet of the uckes of 
Quetchua Indians on the Capachica Peninsula near Puno, ne - 
These people are almost certainly descendants of the Incas — 
and at the present time live very primitively. They exist | an 
largely on a vegetable diet of which potatoes form an | a ne 
important part. Immediately before being eaten, th: | - we 
potatoes are dipped into an aqueous suspension of clay, san da 
a procedure which is said to prevent “scouring of the med . 
stomach”. They examined the clay and found it to consist. . “ 
mainly of the clay mineral, kaolinite, containing a trace nee o~ 
of organic material—possibly coumarin, and presumably a pe < 
decomposition product of the grass from underneath which Bi 
the clay is dug. The local name for the clay is chacco. ‘co anda 

This dietetic procedure is universal among Indians in Bente 
of the Puno district, and is probably of very ancient falters as 
origin. The authors conclude that such a practice bi) year 1934 


primitive people would appear rather remarkable in view! the head; 
of the comparatively recent introduction of kaolin into. cpateinin 
modern medicine as a protective remedy against bacterial a purer '. 
infection of the intestinal tract. the two g 

G. ap Griffith wrote a few weeks afterwards from Kam- 14 differ 
pala to say that a similar clay is eaten by the Baganda, who probably | 
are also vegetable eaters, their staple food being plantains ae ae 
and sweet potatoes. The use of the clay appears in this Osmo-Ka 
case to be confined to child-bearing women and is eaten adsorbent 
after work almost as a sweetmeat, the clay having first o¢ ie 
been smoked in the fire. ee 


suspensior 

less consti 

Pliny on Medicinal Earths giving an 
inde ; . Salted Aln 
Now Pliny the Elder, who lived from a.p. 23 to 79, ;. equal p 
states in his famous Natural History that Samian stone seriously. t 
for medicinal purposes shouid be dense and white. It 1 apple pulp 


taken internally for stomach disorders, relieves giddiness 
and restores mental balance. Kenneth C. Bailey says that 
Samian stone was probably a compact form of kaolinite 
such as lithomarge. VISION I 

In his Natural History Pliny gives instructions for the response t 
preparation of earths for medicinal purposes. He says} glass js the: 
“This seems a suitable place to remark that all earths! cover beats 
should be washed freely with water, dried in the SUN, fesnonse to 
triturated once more with water, and set aside to settle. the brightn 
when they may be made into tablets. The vessels in which Qn the w 
they are heated should be frequently shaken” to avoid by the rede 
caking. The tablets of kaolin would be similar to the accords wit 
bolus alba pills of more modern times. very effecti 

In.the fourteenth century, an astringent earth wa cartilaginou 
imported into Britain from Armenia; it was called bole have been | 
armoniac, bole armeny or simply Armenian earth and 
was used as an antidote to poison, for the staunching of 
blood and other medicinal purposes. Chaucer describing 
an alchemist’s laboratory in the Canon Yeoman’s tale 
speaks of “*bole armoniac, verdigrees, boras’’. 
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It is not improbable that several kinds of earth or clay 
were familiarly taken internally in medicine before the 
so-called founders of modern clay therapy, who are some- 
times stated to be J. Stumpf (1898), W. Wiechowski (1909) 
and Michaelis and Rona (1920). Bolus alba or kaolin 
pills had probably been prescribed for stomach disorders 
for centuries. 

J. A. Lloyd announced in 1914 that alkaloids could be 
quantitatively removed from solution by the finer par- 
ticles of fuller’s earth. The following year B. Fantus 
stated that fuller’s earth had a beneficial effect in cases of 
morphine, nicotine and ipecac poisoning, but less value 
in strychnine and aconitine poisoning, though even in 
these conditions it is capable of saving life, when combined 
with sodium dihydrogen phosphate. Fantus said that the 
power of absorbing alkaloids is strongly developed in 
some fuller’s earths and very feebly in others, just as in 
Britain those from near Redhill in Surrey and near Bath 
are the only commercial fuller’s earths which are outstand- 
ingly adsorbent. 

Although the two main types of clay minerals, containing 
montmorillonite and kaolinite, had been used for so long 
in medicine, the United States and National Dispensatories 
in Fantus’s day led one to believe quite erroneously that 
fuller’s earth is synonymous with kaolin. Even in the 
year 1934 the British Pharmaceutical Codex states under 
the heading Kaolinum, ‘“‘an impure variety of kaolin, 
containing iron and magnesium, 1s known as fuller’s earth’, 
a purer form is known as “‘white fuller’s earth’. Actually 
the two groups of clays are mineralogically quite distinct 
and differ greatly in their physica! properties. There ts 
probably no such thing as white fuller’s earth. 

For many years electro-osmosed china clay, known as 
Osmo-Kaolin, has proved of great value as an internal 
adsorbent, especially in cholera epidemics, on account 
of its great purity and fineness. The clay is taken in 
suspension in water or preferably, in paraffin, when it is 
less constipating. Oddly enough The Week-end Book, in 
giving an example for that wit-straining parlour game, 
Salted Almonds, says “‘the best cure for aeroplane sickness 
is equal parts of fuller’s earth and petroleum”! Quite 
seriously, though, a mixture of chalk and fuller’s earth in 
apple pulp may be prescribed in mild cases of diarrhoea. 
with or without the addition of agar. 
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The reduction of hydrochloric acid from the stomach in 
hyperacidity by colloidal alumina is believed to be due 
to adsorption and not to chemical neutralisation, sug- 
gested Lodenkampfer in 1936. This is almost certainly 
true also of the adsorbent clays eaten the world over. 
Large doses of activated carbon or clays of high swelling 
power are especially useful against abnormal! fermentation 
and gas formation in the stomach. 

In the First World War British medical officers in the 
Near East noticed that the French troops suffered from 
dysentery far less than the British troops. It became known 
that a French medical officer had ordered fuller’s earth to 
be mixed with custard and given to the men. Some years 
ago, when large quantities of fuller’s earth were regularly 
exported to America, sailors at Angersteins Wharf in 
London used to ask for fuller’s earth which had spilled 
from the sacks, so that they could use it medicinally against 
dysentery and stomach troubles on their voyages at sea. 

Bentonite, a close relative of fuller’s earth, is used for 
suspending barium sulphate to make an opaque meal for 
the X-ray investigation of the alimentary tract. 

We have considered now a number of kinds of earth- 
eating, and can pass lightly over the fact that we shall “‘all 
eat a peck of dirt before we die’, or the general practice 
of adulterating flour with china clay a century ago, which 
did so much towards driving the workers towards co- 
operative wholesaling. That people do not mind eating 
clay is shown by those so partially informed that they 
believe that margarine contains fuller’s earth, which is of 
course the refining agent for the oils. Misinterpretation of 
dispatch notes leads to a local impression that fuller’s 
earth is a constituent of custard powder and chocolates, 
but never is there any complaint when these ignorant 
beliefs are uttered. 

In the animal kingdom geophagy ts fairly common. In 
Africa animals often get their salts from efflorescences on 
clay-licks. The okapi at the London Zoo had a special 
salt clay-lick made for it with fuller’s earth. Some clay- 
licks resorted to by elephant and other species in India 
are not notably salt, but mainly composed of clay. Mahouts 
do not allow their charges to eat the clay as they believe 
it is not good for them. However, in closing this summary, 
we should not forget to mention, with honour, the greatest 
geophagist in the world—the worm. 





VISION IN FISHES— continued from p. 212. 

response to the increased brightness. If a piece of red 
glass is then placed between the lamp and the fish the gill- 
cover beats increase to 150 per minute. This must be a 
response to redness, for the red plate considerably reduces 
the brightness. 

On the whole it seems that bony fishes are more attracted 
by the red end of the spectrum than by the violet end. This 
accords with the evidence of anglers who find red baits 
very effective. Many experiments have been tried with 
cartilaginous fishes to test them for colour perception. All 
have been negative. 


Perception of size and form 


That certain fishes have a strong reaction to the shape of 
Objects is shown by simple experiments. Thus pollock will 


ignore a Straight wire when this is moved about, but react 
positively to a moving wire bent to look like a worm. Carp 
can easily be trained to distinguish between such shapes as 
a triangle and a square. Goldtish have distinguished 
between white circles of 3-3, 3-0, 2-7 centimetres in diameter. 
They have also been able to differentiate 0-8 centimetres in 
the width of vertical stripes. Several kinds of fish have been 
shown experimentally to be subject to the optical illusion 
in which a line > < looks longer than an equal line 
of <> shape. 

It seems sometimes that colour can be a stronger influ- 
ence on fishes than shape. Thus carp were trained to come 
to a violet disc in preference to a blue disc, and to a white 
triangle in preference to a white square. When offered the 
choice of a violet square and a blue triangle they went to 
the violet square. 
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C. G. GREENHAM, M.Sc. 


DuRING the Second World War precision engineering 
played a vital part. Since precision engineering depends 
upon accurate gauging, precision gauges were indispens- 
able during the war. Probably the most important, but 
certainly the most accurate of precision gauges, are slip 
or block gauges. Not only can slip gauges be used for 
checking many other gauges, but they themselves can also 
be used for making measurements that are correct to a few 
millionths of an inch. 

Slip gauges were invented by C. E. Johansson, a Swedish 
enginéer, towards the end of the last century. Their 
invention so long ago gives an indication of his genius, 
because even now their invention would be regarded as a 
major engineering achievement. After making his first 
slip gauges he had no measuring apparatus sufficiently 
accurate for measuring them, consequently he had to 
invent and make suitable equipment. He had many other 
difficulties to overcome, such as obtaining a suitable steel, 
at a time when little was known about metallurgy. It is 
reported that although he completed his first set of com- 
bination gauges in 1897, he was not able to make slip 
gauges in commercial quantities and of guaranteed quality 
until 1911. The process by which Johansson made his 
gauges has never been divulged. About twenty years ago 


Henry Ford, the motor car manufacturer, purchased 
Johansson’s secret process and started manufacturing 
the gauges in America. 

As a result of the shortage of slip gauges in Englant 
during the First World War, research on methods of making! 
them was carried out at the National Physical Laboratory. 
Teddington. After great difficulties had been surmounted 
a successful method was devised in 1917. The method wa 
subsequently passed over to British manufacturers, whi} 
improved it and made Britain independent of other cout) 
tries for slip gauges. 


What are Slip Gauges? 


Slip gauges are rectangular blocks of hard steel, approx 
mately I} *% in. in cross section, with a thickness 0! 
length that usually deviates from nominal size by less that 
25 millionths of an inch. The two opposite gauging face 
are flat and parallel to 10 millionths of an inch or less 
and have a silver-like finish free from all but the mos 
minute scratches. The most accurate slip gauges, }} 
which others are measured, are flat and parallel to: 
millionths of an inch or less and do not deviate frot 
nominal size by more than that amount. The minutenes: 
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of these quantities will be appreciated when it is realised 


that a sheet of paper on which this is printed is approxi- 


mately 2200 millionths of an inch thick. 

Slip gauges are usually supplied in sets containing a 
variety of sizes; one popular set contains forty-nine gauges, 
of which the smallest is one-hundredth of an inch and the 


' largest 4 inches. Not only can each gauge in a set be used 
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independently, but any number of gauges can be made to 
adhere to one another to form a combination gauge, of 
which the size is the sum of the component gauges. A 
special type of combination of slip gauges is shown in 
Fig. 6. To make one gauge adhere or wring to another, 
all that is necessary is to apply a thin film of grease to a 
polished face of each gauge, and slide one greased surface 
over the other. The thickness of the grease film between 
a pair of wrung gauges is one-third of a millionth of an 
inch. The thickness of this wringing film causes no appre- 
ciable error no matter how many gauges are used in a 
combination, because the length of a gauge is taken as the 
mechanical distance between the two polished faces plus the 
thickness of a wringing film. 

The adherence of one gauge to another is regarded by 
some physicists as being due to molecular attraction, 1.e. 
the molecules of one gauge are so close to those of the 
other gauge as to attract them. The gauges adhere with a 
force which depends on the smoothness of the polished 
surfaces in contact, and which may be many times greater 
than that due to atmospheric pressure. 


How Slip Gauges are Made 


In the method devised by the National Physical Labora- 
tory, bars of high quality steel are cut up, and the resulting 
pieces are roughly ground, hardened, finely ground, and 
then stabilised. The stabilising treatment is most important 





Fic. 2 (/eft).—Jig with slip gauge wrung to base of sliding plunger. 
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as otherwise the size of the finished gauges will alter in the 
course of time. The stabilised pieces of steel are then 
mounted in groups of eight on a magnetic block so that 
the exposed faces can be polished and made flat. The 
polishing process is known as lapping, and is done on 
brass plates impregnated with a fine abrasive. The exposed 
faces of the gauges are polished on the abrasive particles 
which protrude from the lapping plate in which they are 
embedded. 

When one face of the gauges is suitably polished and 
flat, the gauges are wrung by that face on to a block of 
Steel with eight protruding facets (Fig. 3), previously 
polished flat on a lapping plate. The exposed faces of the 
gauges are then polished on the same lapping plate. It is 
not difficult to make the exposed faces of the gauges flat, 
if the lapping plate is convex by a few hundred-thousandths 
of an inch. The block of steel with attached gauges rocks 
slightly as it is moved over the plate, and this rocking 
neutralises the effect of the curved plate. If the lapping 
plate were truly flat, it would produce convex gauges. 

After the gauges have been lapped for some time while 
wrung to the block of steel, they are in all probability 
slightly wedge-shaped, and it would be difficult to make 
them parallel but for an ingenious system of interchanging 
them. Certain of the gauges are interchanged in the block 
of steel, according to a geometrical pattern, to even out 
irregularities. After a little more lapping the exposed faces 
of the gauges are parallel (or nearly so) to the faces wrung 
to the block of steel. The gauges are reversed from time 
to time, and further interchanged to remove any fresh 
irregularities which may have developed. 

The finished gauges are then checked for parallelism, 
flatness and length before being marked and packed. 
After being packed, they are usually certified by a com- 
petent authority. The slip gauges are seldom exactly on 





-Block chuck with 
gauges. The slight curvature of the interference fringes under the optical flat at the back gives a measure 
of the flatness of the gauges beneath, which are flat to 2 millionths of an inch. 


Fic. 3 (right). 
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size, therefore a certificate is supplied showing by how 
many millionths of an inch the gauges differ from their 
nominal size. These corrections have to be taken into 
account for exact work. 


Manufacture in Australia 


With the outbreak of the recent war, the Australian 
Ministry of Munitions realised the need for slip gauges. 
A few sets were present in Australia, sufficient for former 
peacetime needs, but sadly insufficient for rapidly expand- 
ing wartime manufacturing needs. Because there was no 
possibility of importing sets, the Ministry decided to have 
some made in Australia, although none had been made 
in that country previously. Professor, now Sir John 
Madsen, chairman of the National Standards Laboratory, 
which had just been formed in Sydney, and Mr. N. A. 
Esserman, the Officer-in-Charge and subsequently Chief 
of the Division of Metrology within that Laboratory, 
were consulted. They agreed to make twenty-five 49-piece 
sets of slip gauges for the Ministry, utilising a published 
account of the method devised at the National Physical 
laboratory. 

Trained statf was not available, so it was necessary to 
train workers. In fact, of all the staff actively engaged on 
making slip gauges, not one had previously seen such a 
gauge. For the lapping of the gauges and subsequent 
handling a number of girls—at first, all Girl Guides— 
~—were employed. The Metrology Division was most 
fortunate in obtaining as supervisor a former district 
commissioner of the Girl Guide movement in New South 
Wales. She handled her staff with great skill and tact. The 
team engaged on making slip gauges was remarkably 
coherent and well disciplined, in spite of the troubles 
encountered. 

Numerous difficulties had to be overcome, as the 
published account was far from adequate for the needs of 
those unfamiliar with the process. In any event, it 1s 
always difficult, if not impossible, to obtain skill from 
paper. Work was begun late in 1940, but the first set was 
not finished until November 1941. Difficulty was experi- 
enced in holding the larger gauges on the steel block, 
consequently another method for making such gauges 
was devised and used until they could be held satisfactorily. 
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Difficulties were also experienced with the very thin gauges | 


particularly the gauge one-hundredth of an inch thick 
This gauge is slightly thinner than an ordinary ‘Valet’ razo 
blade, and has to be flat and parallel to 10 millionths g 
an inch or less. Troubles in stabilising the larger gauge 
also had to be overcome. 

The twenty-five sets ordered by the Ministry of Muni 
tions proved insufficient for the production of munitions 
in Australia, and many more sets were ordered, and 
supplied. Although a large number of satisfactory gauges 
were made by hand, it was decided to speed up the work 
and overcome certain difficulties by the use of machines, 
Some machines were improvised for doing the preliminary 
lapping of slip gauges, and in 1943 one was imported for! 
finishing the gauges. Because this machine was unsatis 
factory, and did not turn out one finished gauge, efforts 
were made to improve the improvised machines. For 
quite a long time parallel gauges could not be obtained by’ 
using these machines. The machine method used in 
America for producing Hoke gauges, which are the Ameri- 
can equivalent of slip gauges, could not be utilised, as it 
was designed for making gauges which are square in cross. 
section. The locally made machines, even though they 
were incapable of making finished gauges, were of consider. 
able value for bringing gauges close to size, thus reducing 
the hand work subsequently required. Finally, by a ven 
simple method, it proved possible to make gauges on thes 
machines flat and parallel to one- or two-millionths of an 
inch. By further experimentation it was possible to com: 
plete gauges on these machines, with a finish equal or 
superior to that of the best English gauges. English hand- 
tinished gauges have a finish considerably better than 
machine-finished American gauges. It was also possible 
to produce in the Metrology Division a steel gauge con- 
siderably harder and better wearing than other metallic 
slip gauges made elsewhere. The Australian gauges of 
extreme finish, flatness and parallelism were used only for 
special purposes, because the main aim was to turn out as 
many gauges as possible of workshop quality. However, 
the extra-hard gauges were of considerable use as pro- 
tective gauges, i.e. gauges used at the top and bottom ofa 
combination to reduce the wear on the others; a large 
number of these extra-hard gauges were supplied to the 
Ministry of Munitions. ) 

The gauges made in Sydney were marked ‘EL’, in recog: | 
nition of the contribution made to the production of | 
munitions in Australia by Mr. Essington Lewis who during | 
the recent war was Director-General of Munitions. 


A New Way of making Slip Gauges 


Most methods of making slip gauges depend on making 
them in batches. With the work done at the Australian 
National Standards Laboratory, making and recondition- 
ing many types of parallel-faced gauges, the need was 
felt for a simple way of making single gauges of any siz 
up to four inches. Ultimately a simple jig was made for this 
purpose. It is shown in Fig. 2, and consists of an outer 
casting and an inner accurately machined plunger. The 
base of the plunger is first flattened by moving both 
casting and plunger over a lapping plate. The gauge to be 
made or reconditioned is then wrung on to the base of the 
plunger which is slid upwards in the casting. The exposed 
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gauges. 


face of the gauge is then lapped by moving the jig over the 
lapping plate, with the lower surface of the gauge in contact 
with the plate. Because the plunger is accurately made, its 
base moves without change in orientation as the plunger 
slides in the casting, and accordingly a gauge is obtained 
with faces parallel to a few millionths of an inch. 


Some New Types of Gauges 


Some new types of slip gauges were devised at the 
Division of Metrology. 

Slip gauges are frequently used to check gap gauges, 
which are used to check other gauges or manufactured 
articles. In checking the gap gauge by the usual method, 
a combination of slip gauges is built up with length equal 
to the lower permissible limit of the gap gauge; it should be 
possible to insert the combination into the gap without 
forcing it. Then another combination of slip gauges is 
built up with length one ten-thousandth of an inch larger 
than the higher permissible limit for the gap gauge. It 
Should be impossible to insert the larger combination 
without forcing; however, forcing should not be tried. This 
method accordingly requires two different combinations for 
checking the gap, and not every set of slip gauges is ade- 
quate to provide two combinations simultaneously. To 
overcome this deficiency, certain fractional sizes of slip 
gauges were made, half the normal width. A basal com- 
bination of normal gauges is prepared, and on top of it 
are wrung two half-size gauges, differing appropriately in 
thickness, as shown in Fig. 6. One end of this combination 
Should fit into the gap being checked, but not the other. 
Thus one combination of gauges is adequate for testing 
a gap gauge. 

As a modification of the half-size gauges, it was sug- 
gested that a stepped slip gauge should be made, so that 
one gauge of normal width would be adequate to wring on 
to the basal combination instead of two half-size gauges. 
For over a year it seemed impossible to make stepped 
Sauges, until a simple technique was devised. Fig. 5 shows 
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a Stepped slip gauge in which one end Is one ten-thousandth 
of an inch thicker than the other. 

Another new type of slip gauge is the tapered slip gauge. 
These gauges are used in pairs, as shown in Fig. 4. By 
moving the upper gauge relative to the lower, the thickness 
of the combination can be varied, say by five-thousandths 
of an inch. Such gauges are very useful where a range of 
sizes is required. In the pair of gauges shown, the taper 
is One in one hundred, therefore if one gauge is moved 
relative to another by one ten-thousandth of an inch, the 
size of the combination is altered by one-millionth of an 
inch. Work on such taper gauges was begun before similar 
taper gauges appeared in America. The method by whichthe 
American tapered gauges are made has not been divulged. 

Still another new type of slip gauge is the saw-tooth 
gauge, which was designed as a standard for calibrating 
certain precision instruments used for checking the 
accuracy of screws. Previously, accurate screws or ordin- 
ary slip gauges were used for this work: however, the 
accurate screws had an error of not less than fifty- 
millionths of an inch, and the ordinary slip gauges were 
used in such a way as to introduce a similar error. By 
using a set of saw-tooth gauges, as shown in Fig. 1, the 
error of the calibration standard is reduced to one- or 
two-millionths of an inch. In checking the instrument, 
the ball-ended rod is moved from gap to gap, and the 
distance from gap to gap is compared with the movement 
of a micrometer device on the instrument. 

During the war, some hundreds of sets of slip gauges 
were made in Sydney for the Ministry of Munitions. Now 
that the war is over, there is no longer a large demand in 
Australia for such gauges, and most of the trained staff 
has left the National Standards Laboratory. 

As a result, only a few slip gauges are being made in 
the Division of Metrology, for special purposes within 
the Division. Although most of the work in making slip 
gauges has come to a standstill, Australia has shown that 
she is able to make precision gauges of the highest standard 
when the need arises. 
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The Record of the 

British Army. By T. H. Hawkins and 
L. J. F. Brimble. (Macmillan, London, 
1947: pp. 420, 15s.) 


THE Education Schemes of the last war 
were one of the outstanding successes of 
the British Army. The various devices 
which were introduced to keep the serving 
soldier in touch with civilian affairs, the 
methods employed to combat boredom 
and to stimulate responsibility as a 
citizen—A.B.C.A. (Army Bureau of 
Current Affairs), British Way and Purpose, 
and finally, the Release Scheme of Educa- 
tion—have influenced not only the Army, 
but adult education as a whole. 

This book, however, is more than a 
record of one particular period. It Is a 
detailed and interesting study of the 
development of Army Education from 
the nineteenth-century corps of sergeant 
schoolmasters (and schoolmistresses) to 
the Army Education Corps of today. 

Very rightly, however, the main part 
of the book is occupied with the revolu- 
tion which took place in Army Education 
from 1940 onwards. Many factors con- 
tributed to the final dispelling of the 
dictum that “English soldiers are fellows 
who have all enlisted for drink. A 
conscript army, profound discontent at 
the normal facilities for spare-time 
recreation and, to be just, a liberal attitude 
at the War Office towards Educational 
Reform contributed to effect changes 
which would have been remarkable in any 
organisation but which, in the Army, were 
nothing short of iconoclastic. The 
authors, without glossing over the ob- 
stacles and setbacks inherent in the inno- 
vations, rightly pay tribute not only to 
those directly responsible but also to the 
many thousands of anonymous instruc- 
tors and discussion group leaders who, 
in the face of tremendous difficulties, did 
succeed in dispelling some part of the 
dullness and frustration associated with 
modern war. STEPHEN LAWRENCE. 


Adult Education: 


Notes on Microscopical Technique for 
Zoologists. By C. F. A. Pantin. 
(Cambridge University Press, 1946: 
pp. 73, 6s.) 

No zoologist can expect to go through life 

without having recourse to the microscope, 

and unless he can always count on the 
services of an experienced assistant he 
will himself need to know how to prepare 
his material for microscopical examination. 
If his work involves frequent use of the 
microscope he will quickly acquire skill 
in a few favourite techniques: techniques 
from which he has grown to expect con- 
sistently good results when applied to the 
material with which he ts accustomed to 
work. He will therefore need neither 
advice nor assistance unless he encounters 
unfamiliar material. If, on the other hand, 
he uses his microscope sporadically and 
over a wide range of material he may find 
his hand unpractised and his memory of 
the correct procedure unreliable. When 
in doubt, nine out of ten zoologists 
would seek the solution of their problem 
among the pages of The Microtomist's 


Vademecum. But this excellent publication 
has outgrown its title and has become an 
encyclopaedia of microtomy: it Is con- 
Stantly being revised and expanded to 
include the latest special techniques. In 
consequence the reader may find himself 
the possessor of an embarras des richesses 
and may, out of inexperience, be led to 
choose (and bungle) a tricky process for 
the sake of achieving a pretty but quite 
unnecessary effect. 

Dr. Pantin’s book is designed to guide 
the feet of the unwary away from this 
kind of pitfall. The techniques he des- 
cribes are relatively few but they are well- 
tried, and, between them they cover the 
majority of normal requirements. The 
book is divided into three parts, the first 
and largest of which deals with general 
methods. The arrangement of the subject 


matter follows the logical sequence of 


operations: I quote the list of sub-headings 
in order that the scope of the book may be 
appreciated. “Methods of observation: 
preparation of material: narcotization: 
fixation: dehydration: washing; ciearing: 
storage: mounting media; whole mounts: 
preparation of frozen sections: prepara- 
tion of paraffin sections: 
celloidin sections: staining paraffin sec- 
tions: preservation of sections: drawing, 
reconstruction, micrometry. Under the 
sub-heading ‘Fixation’ the author lists 
four micro-anatomical fixatives (Heiden- 
hains Susa, Bouin, Alcoholic Bouin, 
Zenker) and a number of cytological 
fixatives (including Carnoy, Aceto-Car- 
mine, Flemming-without-acetic, and 
various  formalin- containing  fixatives). 
The composition, properties and method- 
ology of each fixative are noted, references 
for detail being given in the text. The 
following section on dehydration contains 
time-charts for dehydration after using 
each of the various fixatives. Mounting 
media are discussed from the point of 
view of refractive index. With stains, as 
with fixatives, composition, properties and 
procedure are fully dealt with. The stains 
described are Heidenhain’s Iron Haema- 
toxylin, Hansen’s Iron Trioxyhaematin, 
Mallory’s Triple, Heidenhain’s Azan, 
Masson's Trichrome, Mann's Methyl 
Blue-Eosin, Mayer's Haemalum, Mayer's 
Carmalum, Chlorazol Black. 

Part II deals with special methods. The 
Sections On nervous material, cytoplasmic 
inclusions and specific constituents con- 
sist mainly of references to the literature, 
but the section on protozoa is covered 
more fully. Part III is an appendix and 
contains a useful chapter on saline media 
for tissue and other cultures. There are 
two short indexes, one of facts and the 
other of references. 

This is a ‘vade-mecum’ in the true 
sense. It is small enough to be comfort- 
ably portable; it yields a surprising amount 
of information readily and without 
ambiguity: it provides line illustrations 
where these are of assistance. Throughout 
the author insists on the importance of 
practice and on the advisability of 
mastering simple techniques before at- 
tempting complicated ones. R. P. HILL. 


preparation of 


The Science of Seeing. By Ida Mann an¢ 
Antoinette. (Penguin Books, Harmonds. 
worth, 1946; pp. 220+-8 plates, Is.) 

No one who buys this book need wonder 

whether he will get his money’s worth. The 

amount of information presented by the 
authors in a lively and attractive style and 

made available by the publishers for a 

shilling is very considerable indeed. There 

are several chapters on the structure and 
physiology of the eye, not only the humar 
eye but also those of many differen 
creatures: other chapters on the chemistn 
of the retina, and indeed of the body as; 
whole: chapters on defects of vision ani 
visual diseases: and chapters on the inci¢- 
ence of blindness and the teaching of blin¢ 
people. There are also a number of plates 
to illustrate the text, Plate III, for example, 
giving a very effective demonstration of 
the varying extent of the fields of vision 
of man, bird and fish, while Plate V| 
shows a microscopic section of the retina 
with a ‘wiring diagram” superimposei 
over a portion of the picture. It 1s sure 
an excellent thing that knowledge of thi 
kind should be provided in such a hand 


and readable form, and made accessibk) 


to the general public. 

Whether, however, the book can k 
regarded as really dealing adequately with 
the science of seeing is questionable, and 
not all parts of the book are equall 
sound. Thus, on p. 64, we find the state- 
ment that “to the day-animals with cone 
retinas the world looks coloured, but not 
very bright”. How the authors can know 
how bright the world looks to an animal 
is something of a mystery, and there is 
throughout the book too. general 
tendency to explain visual phenomena !n 
terms of the retinal processes and struc- 
tures, and too little emphasis on the fac 
that our visual experiences are sensations. 
Another mistake occurs on p. 100 in 
connexion with the provision of goggles 
to enable night fighter pilots to preserve 
their dark adaptation while standing by. 
It is stated that “all that was needed was 
a pair of red goggles of just the shade o! 
visual purple’. Actually, there was 
nothing purple about the goggles; their 
essential property was that they should 
only transmit the extreme red radiations 
in the spectrum, and their colour was 
therefore a deep red. One further example 
may be quoted, namely from p. 103: 

‘No one has found three types of cone in 
any one retina, and a single colour can 
appear as bright as white light, which tt 
should not do if it were able to stimulate 
only one-third of all the cones.” Now 
whether a coloured light will appear 
brighter or darker than white light depends 
on the physical intensity of the two beams, 
and as it stands this sentence is meaning- 
less. 

The last example illustrates the main 
weakness of the book—the small space 
devoted to the light stimulus and to the 
visual sensation. “Seeing” involves light, 
the eye and consciousness, and in this 
book we have really only been given one 
third of the story. It is true that in Chapter 
14 we have half a page or so dealing with 
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lighting, contrast, glare, etc., but that is 
not enough. Many readers of this book 
would have welcomed some. guiding 
principles on how to aid their seeing by 
the control of the illumination. 


One final word. In a book which 
purports to be about the science of seeing, 
it was surely quite inappropriate to drag 
in the professional question of the relative 
merits of the ophthalmologist and the 
optician, and very unworthy of the authors 
to deprecate the very important role which 
opticians have played in the past, and will 
certainly continue to play in the future, in 
the testing of the nation’s sight. 


W. D. WRIGHT. 


Practical Plastics Illustrated. Edited by 
Paul 1. Smith. (Odhams Press, London, 
1947: pp. 311, 10s. 6d.) 


THIS work consists of reviews by thirteen 
expert contributors on various aspects 
of the plastics industry. The book lies 
somewhere between an expert account 
written for plastics technologists and a 
popular thesis for students, and thus comes 


in a class in which many such books have 
already been written. 

In this instance, however, tribute is due 
to those authors who in one brief chapter 
have given a concise “Definition of 
Plastics’, and in two chapters have dealt 
with the chemistry of plastics and the 
manufacture of synthetic resins and 
moulding materials. 

It is felt that the introductory section 
embodying the general industrial survey 
is, perhaps inevitably. inadequate and 
unfortunately contains a number of 
inaccuracies, and in particular the sta- 
tistical information is somewhat out of 
date. This section also appears unbalanced 
and may give a misleading impression 
of the relative importance of plastics 
industries in different parts of the world. 

It is felt that more complete information 
could have been given in the chapter on 
applications of plastics in industry—for 
example, no mention is made of the use 
of polyethylene or melamine in_ the 
leather industry or for fancy goods. Trade 
names have been used in one or two 
instances without further indicating the 
nature of the plastic material, which 


221 


tends to reduce the informative value of 
the book. 

The engineering section of the book is 
much more comprehensive, although some 
of the illustrations show out-of-date 
equipment, and gives a fair survey of the 
whole field. 

In general the book can be recom- 
mended as a fair survey of the plastics 
industry presented in readable form, and 
it is to be hoped that the authors will take 
the opportunity of adjusting some of the 


omissions and inaccuracies in a future 
edition. G.L 
Dictionary of Plastics. By Paul I. Smith. 


(Hutchinson, London, 

15s.) 
THIS is a handy reference book, giving a few 
details about most of the raw materials 
used in preparing plastics and fillers used 
in the fabrication of plastic articles as well 
as of the products of the plastics industry. 
Short definitions of many of the terms used 
in describing physical properties of plastics 
are also included. 


1947: pp. 168, 


AN ELEMENTARY TEXTBOOK ON ATOMIC ENERGY 


First book in the new *‘Frontiers of Science™ 
series which the Pilot Press are bringing out 
is“*Atomic Energy’, by Dr. R. R. Nimmo 
of Birmingham University. As we did with 
Gamow’s recent book on this subject and 
with the special ‘atomic’ issue of **Science 
News”, we devote two reviews to this book, 
the first being written by a lavman and the 
second by a scientist. 


A Lay Critique 

ALTHOUGH the dust cover tells us, of the 
“Frontiers of Science” series, that it is “*not 
a Series of text-books’’, there seems little 
point in denying that Dr. R. R. Nimmo 
has painstakingly given us just that: a 
carefully argued thesis on atomic energy 
that, generally eschewing glamour or 
opinion and admitting that parts of the 
Story are of necessity withheld, amounts 
to a really valuable text-book. 

It is scholarly, and gives plenty of 
references to other works. It is conveni- 
ently grouped: four chapters on basic 
Structure; four on modern techniques and 
discoveries (reminding us again of the 
tremendous work of the ‘thirties); six 
on the release of atomic energy, including 
piles and bombs and the fascinating 
Story of plutonium manufacture; a final 
chapter of philosophy and conjecture; 
and appendices, including one showing 
how the laws of chance govern radio- 
active decay. 

It is not, admittedly, a text-book in the 
Sense that one could consult it for a 
Specific topic and expect to find that topic 
neatly tied up in one section, for Dr. 
Nimmo really develops his arguments 
continuously through the 15 chapters, 
In the manner of a lecturer progressing 
through a term’s study. And as there are 
NO ‘popular’ concessions (such as the 
humour of Dr. Gamow in his recent book) 


the lay reader may peruse the book with 
slight dismay before taking the plunge— 
or funking it. However, since the author 
begins by saying that the book is intended 
primarily for those with some scientific 
knowledge, that is fair enough. The pre- 
sent reviewer, taking Dr. Nimmo’s word 
for it, must try and view the text from the 
Standpoint of the man or woman without 
such knowledge who is nevertheless taking 
the plunge. Such a reader will find it 
worth doing. Application is, of course, 
necessary, for the facts are assembled 
plainly but thoroughly, with footnotes, 
diagrams, formulae where necessary, and 
bibliography. 

Personal comment is absent, until the 
bomb is reached. It is only human to 
have some feelings on that subject, and 
Dr. Nimmo, who was a member of the 
British team engaged on the bomb in 
America and has now returned to 
Birmingham University to complete the 
construction of the cyclotron there, 
suddenly shows his feelings. The bomb’s 
construction was “‘a feat of the greatest 
difficulty and one which perhaps has 
never been surpassed in. the history of 
Science or engineering’. But, later: 
“Words fail to describe the consequences 
of atomic bomb explosions over densely 
populated regions of Japan; even today I 
find it difficult to understand the inhu- 

manity of the man or men who decided 
to reveal the atomic bomb to the world by 
using it in such a way. 

That anger does not lessen the sense 
of wonder which the author imparts at the 
advances made in America’ during the 

war, nor his regret that much information 
acquired then, valuable to physicists, has 
not yet been published. With the facts 
that may be given, however, he has 
achieved a most impressive work. Yes, 
it is worth the plunge. J.A. 


A Scientist’s Critique 
IN this book Dr. Nimmo fills in a con- 
siderable part of the background to the 
subject of atomic energy in greater detail 
than his predecessors. He deals ade- 
quately with a number of points which 
they have avoided or slurred over. These 
include the packing fraction, the Bohr- 
Wheeler theory of nuclear stability and 
its application to heavy nuclei, the mean- 
ings of the various nuclear cross-sections, 
the different ways in which excited nuclei 
may lose their excess energy, and the 
theories and practical difficulties of 
isotope separation. He also describes 
the history of our knowledge of radio- 
activity in general and covers the ground 
of the Smyth report fairly thoroughly. 
Unfortunately the text is almost com- 
pletely lacking in that quality of enthust- 
astic development which for instance 
characterised some of the articles on the 
Same subject tm the Penguin Science 
News 2 reviewed in Discovery in March, 
and which can make the principle of the 
most complex scientific advance readily 
apprehended. The story presented here ts 
a disjointed one, not because of any 
secrecy restrictions limiting the available 
material, but because the various episodes 
have not been properly linked together. In 
other words the ‘plunge’ mentioned by 
my lay colleague must be followed by some 
pretty hard swimming, while in my opinion 
all the non-specialist reader should be 
asked to do is to slide gently into a fast 
running stream. However the book will 
provide a useful reference text for a 
school library. It is to be hoped that 
later issues in the series planned by_ the 
Pilot Press will more successfully fulfil 
their intentions. as. Ase. 
Atomic Energy” by R. R. Nimmo. (Pilot 
Press “Frontiers of Science’ series, 


London, 1947; pp. 201, 9s. 6d.) 














Far and Near 





Night Sky in August 
The Moon.—Full moon occurs on August 
2d Olh 50m, U.T., and new moon on 
August 16d 11h 12m. The following con- 
junctions take place: 


August 
12d 22h Mars in con- 

junction with 

the moon, Mars Ss i 
15d 10h Mercury Mercury 4 S. 
22d 18h Jupiter Jupiter O-IN 


In addition to these conjunctions with 
the moon, Mercury is in conjunction with 
Jupiter on August I8d 13h, Mercury 
being 0-6 N. 

The Planets.—On August | Mercury 
rises at 3h, or Ih 22m before the sun, but 
will not be easy to observe. The planet 
attains its greatest western elongation on 
August 3 and at the end of the month 
sets about ten minutes after the sun. 
Venus is too close to the sun for favourable 
observation. rising fifty minutes before 
sunrise on August | and almost with the 
sun at the end of the month. Mars can 
be seen in the constellation of Gemini in 
the morning hours, rising soon after 
midnight during the month. Jupiter in 
the constellation of Libra sets at 23h and 
21h 06m at the beginning and end of the 
month, respectively. The magnitude of 
the planet is about — 1-7 and his distance 
from the earth varies between 457 and 
517 million miles during August. Saturn 
is in conjunction with the sun on August 
5 and cannot be seen. 

Last month something was said about 
the surface of the moon, which presents a 
very interesting appearance even when 
seen through a small telescope. If vou 
wish to look at the moon when she Is a 
few nights old—and this is much better 
than looking at her when she is full 
remember that on August 20 when she 
is 4 days old she does not set until 21h07m, 
or lh 52m after sunset, so it will be dark 
enough for part of the time to get a good 
view of her then and on succeeding 
nights, weather permitting. If you look at 
her terminator, that is the line dividing 
the dark from the illuminated portion of 
her disc. you will notice small projections 
illuminated by the sun, and if you watch 
for some time you will see the light of the 
sun slowly creeping over these, illuminat- 
ing other portions which were previously 
invisible. This is a very interesting and 
also a beautiful sight—watching the 
sunrise on the lunar mountains. On the 
following night there will be a_ larger 
portion of the moon's surface in_ the 
sunlight and new features will come into 
view on the terminator. When the moon 
is about half full a small telescope will 
show you how much more numerous are 
the craters at the top than at the bottom. 
By ‘top’ is meant the upper portion as 
seen through an astronomical telescope, 
which inverts the appearance of objects. 
If you use field glasses which show objects 
erect, the bottom of the moon will appear 
to have the greatest number of craters. 
All these craters are named but it ts 
possible to learn their names only by 


consulting a fairly large-scale map. You 
will notice some parts of the moon's 
surface which appear flat and without 
many craters showing; these are called 
the ‘seas’ although they are not actually 
seas, because the moon has no water, but 
if there were water on the moon we could 
quite imagine it would be concentrated 
in these flat plains. The origin of many 
of the lunar formations is still a matter 
of dispute. 


A.Sc.W. Council Meeting 


TRIBUTE to the memory of Sir Garland 
Hopkins, a predecessor of his as president 
of the Association of Scientific Workers, 
was paid by Professor P. M. S. Blackett 
in his presidential address to the A.Sc.W. 
at the Annual Council held during Whitsun 
week-end in the Beaver Hall, London. 

Today, he said, we were paying for the 
folly of the ‘lunatic years’ between the 

wars when we failed to raise the school 
age, failed to increase our power supply 
or modernise our many obsolete industries. 
Our problems were real and serious, but 
no one would be taken in by the silly and 
dishonest attempt of reactionary poli- 
ticlans and newspapers to organise 
defeatism, and for instance to turn the 
temporary fuel crisis of the spring into a 
major economic crisis of the type of the 
1930's 

He felt that not only the A.Sc.W., but 
also the country as a whole was more 
firmly than ever behind the Labour 
Government's general approach to social 
problems. He thought that one of the 
major achievements was the adoption of 
the Barlow Report on Scientific Man- 
power. For the first time this country’s 
University education has been planned 
ahead on the basis of the estimated real 
needs of the community. 

Serious was the failure of the Govern- 
ment at an early date to realise the scien- 
tific, technological and statistical prob- 
lems which would arise in connexion with 


fuel policy. He wanted an_ adequate 
scientific and technical staff at the 
Ministry. The failure in relation to Fuel 


and Power must not be repeated in the 
field of general economic planning and 
of the drive for higher productive effici- 
ency. He congratulated the Government 
on the setting up of the Advisory Council 
on Scientific Policy under Sir Henry 
Tizard. Very many of the scientists and 
engineers who were on the job—the 
peacetime equivalent of the fighter pilots 
and radar experts—were already as 
members of the A.Sc.W. giving much 
thought to the problems of working out an 
integrated scientific and technical policy. 
As socially conscious scientists it was 
their main task to drive for the most 
rapid possible application of scientific 


and technical discovery to the needs of 


the nation. In this country we had 
started on the right road, although only 
rather tentatively and timidly. But he 
was convinced that we ought not to 
change our present political motor-car 
for the latest American model with its 


decisively right-hand drive. He hoped 
we would keep to our left-hand model. 

Professor F. Joliot-Curie brought fra- 
ternal greetings from French scientific 
workers. He believed that it was neces- 
sary to make science more generally loved, 
to make people understand what good 
things it could bring. International 
problems demanded the solidarity of 
scientists. On a world level there were 
two main organisations with which they 
must be concerned. These were the World 
Federation of Scientific Workers (of 
which he is President) and UNESCO, 
which worked at a governmental level. 
The W.F.S.W. had offered its services 
to the World Federation of Trade Unions 
as its scientific advisory body. In Paris, 
on October 19, the W.F.S.W. was 
organising a memorial meeting for Lord 
Rutherford. 

Total membership of the A.Sc.W. at 
December 31, 1946, was 17,211, organ- 
ised in 163 branches: 

Resolutions carried included: a call for 
comprehensive Government planning to 
reorganise industry and to raise living 
standards; concern at the reports of 
MIS activities “resulting in disadvantage 
to Civil Servants whose _ individual 
efficiency and conduct have not been 
questioned”: need for a campaign for 
the establishment throughout industry 
of a system of regular part-time day study; 
and an end tu waste and destruction of 
useful scientific apparatus. 

New president is Professor J. D. Bernal, 
F.R.S. 


Carnegie Trust Encourages Field Studies 
A FURTHER grant of £6000 is being made 
to the Council for the Promotion of Field 
Studies by the Carnegie United Kingdom 
Trust. This follows an experimental grant 
of £2000 which enabled the Council to set 
up its first field centre at Flatford Mill 
in Suffolk. (A note about the aims of 
the Council and the organising of 
the Flatford Mill centre appeared in Dts- 
COVERY in April 1945). 

The Carnegie Trust has _ allocated 
£30,000 for the period 1946-50 which can 


ee ke tant 


be used for the improvement of British | 
museum services, and a further grant of 


£500 goes each year towards the adminis- 
tration costs of the Museums Association. 
The Trust's annual report also refers to 
the progress made by the Bureau of 
Current Affairs, which is largely financed 
by the Trust. 


Russian Research in the Arctic 

THE Soviet Academy of Sciences is fitting 
Out six research expeditions to various 
parts of the frozen soil area, which occu- 
pies nearly one-half of the territory of the 
Soviet Union. An intensive study of soil 
formation and the development of plants 
will be conducted in the Igarka area on the 
Lower Yenisei, which is to become one of 
the agricultural centres of the Far North. 
The Soviet Arctic Research Institute 1s 
sending out several meteorological expedi- 
tions, and a big air expedition is leaving 
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for the Arctic in June to reconnoitre the 
ice. 


Removing Dirt by Supersonic Vibrations 

THE washing of materials by high- 
frequency vibrations—supersonic or ultra- 
sonic vibrations—instead of by soap and 
boiling in water, has been achieved as a 
practical fact in an experimental appara- 
tus developed by Mr. John Bold, Senior 
Electrical Technician at the’ British 
Launderers’ Association Laboratories, at 
Hendon. Most of the dirt-molecules 
adhering to fabrics are negatively charged 
electrically, and, generally speaking, 
electrical forces can be held responsible 
for this adhesion. The chemical action of 
soap helps to break these forces down in 
the normal process of washing. In Mr. 
Bold’s apparatus, fabric is immersed in 
water, or other medium, and supersonic 
vibrations are applied to it via a quartz 
reproducer. These vibrations in effect 
shake the dirt out of the fabric, 
the vibration being strong enough to 
overcome the electrical adhesion of the 
dirt molecules. The special advantages of 
the method are that neither soap nor 
prolonged boiling is necessary; experi- 
mental test-pieces of soiled fabric have 
been vibrated clean within ten minutes. 
The apparatus is still in too embryonic a 
Stage for it to become commercially 
available except after a considerable time. 


War on the Food Front 

THE military authorities expressed great 
Scepticism concerning the scientists esti- 
mates of food requirements, stated Sir 
Jack Drummond in his recent Gluckstein 
Memorial Lecture to the Royal Institute 
of Chemistry. He took as his subject 
man’s nutritional requirements in the 
light of wartime experience. When relief 
for liberated countries was being planned 
2000 calories per day was agreed upon as 
the per capita allowance. Stocks were 
calculated to bring the existing known 
rations up to that figure. In fact, in 
areas reported as living on less than 1400 
calories per day, the main body of the 
people were found to show no appreciable 
signs of under-feeding. It was this which 
caused the military authorities to challenge 
the nutritionists’ figures. 

The true position was obscured because 
supplementary food from stock hidden 
away from the Germans actually brought 
up the calorie intake to a much higher 
figure. 

The military, however, were not finally 
routed on this issue until they saw the 
terrible conditions of the people of West 
Holland in 1944-5, who genuinely had 
only about 1500 calories with no access 
to extras. Even more convincing, and 
more horrifying, was the condition of the 
Nazis’ victims at Belsen on their 800 
calories. These confirmed the results of 
experiments on volunteers on low calorie 

lets, namely that fat and tissue are lost 
and liquid increases in the body under 
these conditions. Even 2000 calories 
Provides no reserve for actual work. 
hen our food strategy was being 
Planned it was found difficult to decide 
on the overall figures to use. The aim was, 


Removing dirt by supersonic vibrations Mr. 
fabric test-piece just removed from the tank after a ten-minute ‘treatment’. 
The fabric which was soiled black on immersion shows clear and clean 
in the centre area where it was subjected to the supersonic vibrations 


from the quartz-reproducer. 


of course, to provide enough for produc- 
tion efficiency without any excess which 
would waste transport facilities. The 
two most important estimates for calorie 
requirements differed very considerably: 
the pre-war League of Nations Survey 
quoted 2980 calories whereas the National 
Research Council of America in 1941 
estimated 2550. For Britain this dis- 
crepancy makes a difference of 2 million 
tons of wheat a year, which serves to 
underline the seriousness of the decision 
called for. In fact, something near the 
higher figure was used. A gross supply 
of 2900 calories was allotted, providing 
an estimated 2620 calories for actual con- 
sumption. In order to allow for the wide 
variations in individual energy needs, a 
“buffer of energy” was created in the 
form of unrationed bread and potatoes. 

Around the question of the quantity 
of fats needed to maintain health, great 
controversy exists. Fats serve three main 
functions. They are the most concen- 
trated form of energy, they add flavour to 
other foods and they have a high satiety 
value because of their slow passage from 
the stomach. Deficiency diseases associ- 
ated specifically with fat shortage have 
never been proven in humans. Direct 
experiment was possible in a particular 
school in Brussels where after the libera- 
tion control groups of children suffering 
from scaly skins were studied. It was 
thought possible that the disease was due 
to fat-deficient diets but, in fact, children 
on fat-free diets recovered in a compar- 
able way to those on fat-containing diets. 
During the war our fat intake was 80-90 
grams a day: in France it was only 10-15 
grams. 

In many parts of the world smaller 
quantities are common without apparent 
effect on health. For instance, the diet 
in Netherlands East Indies normally 
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John Bold holds the 


(C.O.1. Photograph). 


contains 5 grams. But it is probable that 
the food conventions and customs of a 
country are more important than the 
physiological factors when considering fat 
requirements. From that standpoint 
about 30 grams is probably the minimum 
that is reasonable for Britain. 

In the huge literature on proteins, two 
main schools of thought exist, one advo- 
cating a low- and the other a_high- 
protein diet. The former argue that all 
that is needed is about | oz. per day to 
repair the wear and tear of the body. 
Their opponents link physical well-being 
with a rich protein diet. 

The proteins supply aminoacids: 
most of the latter have now _ been 
isolated and it has been possible to show 
that ultimately small quantities of only 
ten specific amino-acids are adequate to 
meet our nitrogen needs. It is possible 
that in a couple of years body require- 
ments will be capable of being stated in 
terms of the ultimate amino-acids rather 
than as animal and vegetable protein. 
There exists a strong ‘feeling —but no 
proof—that hard physical work demands 
more protein in the diet. It is just possible 
—but not certain—that animal proteins 
do contain ingredients which are of 
advantage for this purpose. 

A fall in protein-intake causes a gradual 
failure to make it in the bodv. Blood 
(albumen) protein falls: anemia occurs 
among women, adolescents and children, 
even when adequately supplied with iron. 
Regeneration from these conditions ‘s 
rapid and almost normal conditions are 
restored within four hours of the diet 
being supplemented. 

Hunger oedema—‘pathological  ac- 
cumulation of fluid in the tissue spaces 
and serous sacs ’—begins to occur at 
energy intakes of less than 1400 calories 
and protein intakes of less than 35 grams. 
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Again the only places where this con- 
dition occurred were Western Holland 
and in the Nazi concentration camps. No 
correlation was found between this con- 
dition and the quantity of blood protein. 
Other factors therefore must operate to 
lower the permeability of cell walls. 

Knowledge wrested from observation 
in Europe of the grim results of starvation, 
reversed previously held opinions on the 
value of pre-digested foods for such cases. 
Prior to 1945 it has been thought that the 
digestive tract ceases to function and 
secretion of gastric juices fails under 
conditions of starvation. Actually, it 
was found that if a starving person could 
recover he would do so on ordinary milky 
food. Below a certain level no protein 
hydrolysate no matter how it was ad- 
ministered would help and the unfortunate 
victim would die. 

Another important discovery was that 
there is a great loss of protein from the 
body after shock. This condition—in 
which about 300 grams of nitrogen 
(corresponding to 14 kilograms of pro- 
tein) may be lost in three weeks—has 
important implications in hospital treat- 
ment. The Canadians found much more 
rapid recovery to be effected by the 
supply of high protein diets for their 
wounded. English hospital diets, unfor- 
tunately, show little understanding of the 
importance of this factor and are very 
defective at least in this respect. 

Estimates of vitamin needs used at the 
beginning of the war were all on the safe 
side. Some were even excessively high. 
In the case of vitamin C the National 
Research Council of the U.S.A. suggested 
75 milligrams per day as the normal 
requirement and higher figures during 
pregnancy. We therefore aimed at 75 
and hoped to get 30. For a long time we 
had only 10 but there was no evidence of 
deficiency diseases. It is, therefore, likely 
that 10-30 per day is adequate and that 
higher levels give no advantage. Potatoes 
are the most important source and the 
curve recording available Vitamin C shows 
a Sharp peak in May and June each year 
as new potatoes come on the market. 

The war increased the intake of vitamin 
A, due mainly to the use of whole corn 
foods and less refining of food. This 
was the salvation particularly of the 
European population preventing _ per- 
manent damage to health. 

Vitamin B, intake was greatly im- 
proved when ‘high extraction flour was 
introduced as was calcium intake in 
1943 when fortification of the National 
Wholemeal Flour was begun. 

The overall picture generally con- 
firmed previous nutrition knowledge and 
showed that there is now no major flaw 
in the theories, although there are many 
details to be learned. 


Wind Tunnel Tests for Severn Bridge 


EXTENSIVE wind tunnel tests are being 
made at the National Physical Laboratory 
on models of the highway bridge which is to 
to be built over the Severn. Final tests 
will be made on a 52-foot model (a 1 100 
scale model) in a large wind tunnel 
specially erected in Bedfordshire by the 
Ministry of Transport, and these tests 
will make it possible to reproduce the 


effects of a 130 m.p.h. wind. These pre- 
cautions are being taken to eliminate any 
chance that wind pressure on the suspen- 
sion bridge (the centre span will be about 
3000 feet, the third largest in the world and 
the largest in Europe) might set up oscilla- 
tions that could cause structural damage. 





LETTER TO THE EDITOR 


Sir,—Having read C. D. Darlington 
on Lysenko and the letter which he 
provoked from R. C. Murray and 
others, one cannot but draw the 
conclusion that he has touched these 
four not really on the _ scientific 
‘raw but rather on the _ political 
‘raw. Although not geneticists, 
they perhaps rightly question the 
Editor's wisdom in publishing an 
article which does not present both 
points of view: but do they seriously 
suggest that there is another point 
of view in matters of historical fact 
(liquidation, etc.)? 

One can hazard a guess at their 
political ‘faith’ and it is my experi- 
ence that there is a growing tendency 
to regard any argument contrary to 
such ‘faith’ as heretical, all too 
comparable with the attitude of the 
medieval Church. Of course this 
reaction is often unconscious and 
manifests itself in the apparently 
rational sort of argument of R. C. 
Murray and others. 

It is admittedly out of place to 
discuss politics in Discovery and 
like journals, but I think an excep- 
tion can be made when it is known 
that political doctrines strike at the 
very basis of scientific thought. 
Exceptions were certainly made by 
Nature during the recent years tn its 
many references to the effect of 
Nazi thought on science. Would 
R. C. Murray and others be equally 
critical had Lysenko been a Fascist? 

Yours, etc., 
W. H. BANKS. 

















Many early suspension bridges, for 
instance Telford's original bridge over the 
Menai Strait, were damaged or destroyed 


by wind. Serious aerodynamic studies of 


bridge oscillation did, however. not begin 
until 1940, when the 2800-foot span of the 
Tacoma Narrows Bridge in the U.S.A. 
collapsed under the stress of a twisting 
oscillation started by wind. This led to 
intensive investigation in America and 
the construction at Washington Uni- 
versity, Seattle, of a 100-foot wind tunnel 
for tests on models of complete bridges. 
For the Severn Bridge research two 
experimental methods are being used. 
The first depends on rigid models mounted 
with appropriate freedoms to oscillate, 
and representing a sample length of the 
suspended structure. Wind-tunnel tests 
of these ‘sectional models’ are valuable 
as they provide a rapid indication of 
design features favouring stability. With 
these results it is possible to proceed to 
the design of several alternative bridges, 
and the best design can then be selected 
after making wind tunnel tests on a 
1/100 scale model of the whole bridge. 


July, 1947 DISCOVERY 


This work formed one of the many 
interesting exhibits on show last month 
when the National Physical Laboratory 
was Open to visitors. Another exhibit of 
Special interest was the apparatus used 
for the determination of the velocity of 
electromagnetic waves. The method 
depends on measuring the frequency of 
electrical resonance of a hollow copper 
cylinder about 8 centimetres long and 
8 centimetres in diameter. The frequency 
depends only on the dimensions ofthe 
cylinder and the velocity of propagation 
of the centimetric waves used in the 
experiment, so that when the frequency 
and the dimensions are known the velocity 
can be calculated. The figure obtained for 
the velocity (reported in Nature, 1947, 
Vol. 159, p. 611) was 299,793 kilometres 
a second. This is 17 kilometres a second 
greater than the accepted value for the 
velocity of light, though one expects the 
same figure for both. Further experiments | 
are being made which may shed some 
light on the discrepancy. 


French Atomic Projects 


ATOMIC energy development in France is 
the concern of a Government organisa- 
tion, Commissariat 4 l’ Energie Atomique, 
and some details of its activities and — 
plans for the future are given in an article 
by Professor Frederic Joliot Curie, High 
Commissioner for Atomic Energy, in the 
June issue of Atomes. Two uranium piles | 
are being erected and should be working 
next year; the first uses heavy water as the | 
moderator and will have a power of | 
300-1000 kilowatts: in the other, a 10,000 
kilowatt pile, the moderator will be 
graphite. The Commission’s chemical and 
mineralogical laboratories are housed in 
the Fort de Chatillon, where experiments 
in nuclear physics are also performed and 
apparatus manufactured. These labora- 
tories are responsible for the quality of the 
materials going into the atomic piles. A 
factory for refining uranium has_ been 
installed in an old powder factory at 
Le Bouchet. A team of about seventy’ 
is devoted to uranium prospecting, and 
the rest of the Commission’s scientific, 
technical and administrative personnel 
accounts for another three hundred per- } 
sons. 


Mechanical Engineers’ Centenary 


Last month the Institution of Mechanical 
Engineers celebrated its centenary. This 
society was founded by a group of loco- 
motive engineers and its first president was 
George Stephenson. The number of 
members was then 207; today there aré 
over 22,000 members. 

In connexion with the centenary 4 
special exhibition was opened in_ the 
Science Museum. This exhibition whose: 
theme is “A Century of Mechanical 
Engineering’ closes on August 247 
Scale-models made specially for this 
exhibition include the steam turbines 
the R.M.S. ‘Queen Elizabeth’ and 4 
Southern Railway ‘West Country’ steam 
locomotive. Most exhibits, such as 
automobile and aero-engines, models of 
high-pressure boilers, steam and gas 
turbines, have never been shown in the 
Science Museum before. 
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